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FOREWORD

The Forecasters Handbook for the Bering Sea, Aleutian Islands, and Gulf of Alaska
is one of a series of regional forecaster handbooks produced by the Naval Research
Laboratory, Marine Meteorology Division (formerly Naval Oceanographic and Atmospheric
Research Laboratory (NOARL), Atmospheric Directorate). The publication has been
developed in response to a request by the Commander in Chief, U.S. Pacific Fleet
(CINCPACFLT) and validated by the Chief of Naval Operations (OP-096) as
PACMET 87-16. The objective of this publication is to provide fleet forecasters with a
single, comprehensive reference guide on environmental conditions in the Bering Sea-
Aleutians Islands region. Particular effort has been made to provide weather satellite
examples and numerical model forecasts of environmental effects over the region and to
relate these to known or suggested analyses and forecast rules. This handbook should be
regarded as a flexible document capable of being updated or revised based on new data,
concepts, or understandings. Fleet users having direct experience through operations in
the region are urged to submit suggestions for revisions and/or additions so that this handbook
can be updated as required for increased usefulness.
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1. GENERAL INTRODUCTION

The Armed Forces of the United States have a long history of operation in the Bering
Sea, Aleutian Islands, and Gulf of Alaska region. In particular, during the final decades
of the 20th century, the U.S. Navy Third Fleet conducted increased land, sea, and air opera-
tions over the entire area. The diversity and harshness of observed environmental conditions
make the Bering Sea an extremely difficult operating area. Known as the "Land of the
Smoky Sea" by the Aleutian natives, this is a generally treeless region typified in its weather
by persistent fog and intermittent storms, often exceeding h'4rricane intensity.

1.1 Objective

Individual Navy and Air Force stations in the Aleutian Islands have published studies,
guides, and even handbooks for individual locations. An excellent "Climatological Guide
to Alaskan Weather" was published by the Air Force (Grubbs and McCollum, 1968). The
objectives of this handbook are twofold: (1) to draw upon, examine, and present pertinent
information contained in the above-mentioned studies integrated into one volume: and (2) to
update the material presented as much as possible through correlation of the earlier results
with high quality satellite data, conventional data, and numerical forecasts.

1.2 Approach

The effort to develop this handbook involved three tasks:
"* Obtaining and review of existing publications concerning weather analysis and forecast

procedures over the Bering Sea, Aleutian Islands, and Gulf of Alaska.
"* Review of suggested procedures through correlation with satellite data, conventional

data, and numerical model output.
"* Assembling of pertinent information in a high quality volume dedicated to the needs

of the present-day Fleet forecaster operating in the Bering Sea, Aleutian Islands,
and Gulf of Alaska region.

Manuscript approved March 9, 1993.
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1.3 Organization

This handbook first provides general information concerning the physical characteristics
and climatology of the region. General analysis and forecasting rules are then presented
in a series of studies in which weather satellite data, conventional analysis, and numerical
model forecasts play a prominent role in establishing ' ieity of concept. Finally, unique
aspects associated with ship and aircraft icing, refract-.re effects, and numerical model
forecast errors are described.
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2. PHYSICAL CHARACTERISTICS
OF THE REGION

This handbook is designed to provide weather analysis and forecast guidance concen-
trating on the region between latitudes 50 to 60 °N and 150 oW westward to and including
the Kamchatka Peninsula. Figure 2-1 shows the region in a larger perspective. The larger
perspective is important to consider since many of the storms affecting the Aleutian Islands
and Bering Sea region originate far to the southwest near Japan. These storms are further
influenced in their movement aind intensity changes by the synoptic pattern to the east,
from Hawaii (near 20 'N, 1 55 °¥') 'o the Gulf of Alaska. It is not unusual for a storm center
over 1000 n mi (1850 kin) away, just east of Japan, to move over the Aleutians and dominate
weather conditions in the Bering Sea within a 24- to 36-hr period.

NORTH PACIFIC/BERING SEA REGIONAL AREA
130E 140E 150E 160E 1;,OE 180 170D 160" 1501 1401

4LUT"L ALASKA,
ALEUTI I I I

North Pacific Ocean

40 - -- - - - - - - - - - - I -- - - - - - -- -- -- - - - - - -3I0 I--- I --

Figure 2-1. Locator chart. North Pacific and Bering Sea regional area.
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2.1 Bering Sea and Aleutian Islands

The Aleutian Islands extend 1700 n mi (3150 km) westward from the Alaskan Penin-
sula in a saucer-shaped pattern. The Aleutian chain approaches within 500 n mi (925 km)
of the Kamchatka Peninsula at Attu (near 173 *E), the westernmost island (Fig. 2-2). In
so doing the islands separate the Bering Sea to the north from the North Pacific Ocean
to the south.

2.1.1 Geography

First discovered by Vitus Bering in 1741, the Aleutian Islands were inhabited by a
native population estimated at 25,000. Mass murder and enslavement followed. By 1867,
when the Aleutians became part of the United States with the purchase of Alaska, fewer
than 2500 native Aleuts remained. This number was further reduced through flu and
smallpox epidemics, reaching a low of 1400 at the commencement of World War II.

O S I- SAund
SCape N2arnSta Is" Ii " Iln St. Lawrence P eafowl

Fiue2-.Lctorha. BeigSandAuin Island.

Isand Cape Romanzo

Commande~r i usland mn

Islnd g us9• kwi

S St Pau 099 WIG;o,•.,, 9,11

, o_ le ,d

ISLA~~~'"NDS 4OF%% Pvof.

ISLANDS\., ___4

17. ý4ONAN 160.

Figure 2-2. Locator chart. Bering Sea and Aleutian Ildands.
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Military interest in the islands was firmly established by 1940 when the U.S. Navy
built a base at Dutch Harbor on Unalaska Island, one of the few good harbors (aside from
Adak) in the entire chain. Most of the other islands are surrounded by reefs that make
nearby navigation hazardous. The islands are of great strategic interest, made clear on
June 3, 1942, when the Japanese bombed Dutch Harbor and followed this with the
occupation of Attu and Kiska.

The United States counterattacked, regaining Attu and control of the Aleutians in 1943,
and built additional bases on Umnak (169 °W), Atka (174.5 W), Amchitka (179 'E), and
Shemya (Semichi Islands) (174 'E). Shemya Air Force Base and Adak Naval Station remain
active today. A Coast Guard station is also active on Kodiak Island. Other bases have
converted from military to civilian use over the years.

2.1.2 Topography

The topography of much of the land areas related to this handbook is mountainous
and contains some active volcanoes. The ground throughout the Aleutians beyond the
Alaskan Peninsula is spongy and marshlike during warm periods and completely frozen
during winter. Layers of volcanic ash are usually prevalent below the surface. Very few
trees exist except for "Adak National Forest" (a small clump of manually maintained trees).
Surface vegetation is abundant, however, and hundreds of varieties of flowers provide a
colorful display in summer.

The Fox Islands (Fig. 2-3) extend southwestward starting with Unimak near 164 'W,
to Umnak near 169 'W. The Fox Islands received their name from Russian fur traders

56 170 1 1 Pavlof168 16'6 64W Volcano-SGN

Cold an
85y muls

- 622

old
Pogromol Unlmak
Volcano Island

Akutan 

a

Island Akun False
Makushiln Island Pass
Volcano Dutch Sh\shaldnl

-34 lk Harboro, 4 Volcano

Volcano --54

Rochoshnol Krenlteln
0.i Unalaska Islands

Island
At. Umnak

VsevIdof; Island

Samnalge FOX IS LANDS

52 * 1 16 .4W S1
170 la

Figure 2-3. Locator chart. Fox Islands.
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because of the large fox population of earlier years. The group is distinguished in topography
by the highest Aleutian volcano, Shishaldin on Unimak Island, which extends to an eleva-
tion of 9372 ft (2857 m). Pogromni volcano (6568 ft or 2002 m) on the southwestern end
of the island is another prominent feature. Makushin volcano (6680 ft or 2036 m) is found
on Unalaska Island, near Dutch Harbor. Another volcano, Tulik (4111 ft or 1253 m), is
found on Uninak, the westernmost island of the Fox group. Mt. Recheshnoi (6511 ft or
1985 m) and Mt. Vsevidof (7051 ft or 2149 m) are also located on Umnak Island.

These topographic features are often apparent in weather satellite images because of
their snow-covered domes and high elevation. Figure 2-4 shows a Defense Meteorological
Satellite Program (DMSP) infrared example on 8 January 1990 at 0445 GMT. In this image
the cold peaks of Veniaminof volcano and Pavlof volcano are clearly visible. Shishaldin
volcano is located along a flat east-west oriented ridge that appears as a similarly-oriented
narrow white dash in the DMSP image. Gravity waves in the form of "ship wake" patterns
are apparent in the region, generated by turbulent effects induced by the topography. The
"ship wake" pattern implies a well-mixed lower level with stability maximized at the inversion
interface near cloud top level (see NTAG Vol. 1, Sec. 2C).

ALASKA i4t

2-4
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Figure 2-5 shows the next three groups of islands further west-the islands of the Four
Mountains, the Andreanof Islands, and the Delarof Islands. The Islands of the Four Moun-
tains consist of a small group of five islands clustered near 170 oW. The tallest of the
mountains in this group lies on Chuginadak Island and has an elevation of 5675 ft (1730 m).
Yunaska, Chugulak, and Seguam Islands, unnamed as a group, then lead westward to the
Andreanof Islands. These islands were explored by a Russian named Andrean Tolstykh
in the 1760s and were named after him based on the account he wrote of his explorations.
The group includes the island of Adak, present site of a U.S. Navy air strip and port facility
(Adak Naval Station). Mount Moffett (3917 ft or 1194 m) is the highest mountain on the
island, but mountainous terrain of lesser elevation still acts to provide a blocking action
to moderate wind flow from the south. Topography is a key element and influences all
forecasts at Adak and, indeed, all locations within the Aleutian chain.

The two final groups of islands in the Aleutian chain are the Rat Islands and the Near
Islands. These are shown in Fig. 2-6.

The Rat Islands, so named because of a large rodent population, include Semisopochnoi,
Amchitka, Kiska, and Buldir, which lies at the western extremity. Amchitka has a weather
service office that provides hourly surface observations and radiosonde data on a routine
basis. These observations are monitored very carefully by forecasters at Adak since
Amchitka's present weather often becomes Adak's present weather in a matter of a few
hours. Problems in applying this concept occur, however, during blocking situations when
flow over the Adak-Amchitka area becomes more meridional rather than zonal. In such

178 176 174 172 170

54N 54N

""Af E N FOUR

* Herbert ,915Island i V293

Yunaska 
1 3

DlrfMt. 3133P •

Deao Moft Adk Great 
hi"'

Islands Adak Krovin *3463 C duginadak
a .•1•VKanaga Island At ,2Volcano 345!e' Chugulak Island

5334020 Segua
533 416317 52N

*8592

Island 1674172

Figure 2-5. Locator chart. Islands of the Four Mountains and Andreanof Islands.
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Rat tw.Amchitka %.* *
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Figure 2-6. Locator chart. Rat Islands and Near Islands.

circumstances the north-south-oriented frontal zone may stall in the region or even slip
northward and dissipate. Amchitka's weather and winds at such times cannot be reliably
forecast for Adak.

The Kiska volcano (4003 ft or 1220 m) is a prominent topographical feature of the
area. Other peaks of about equal height exist on Little Sitkin Island (3897 ft or 1188 m)
and on Semisopochnoi Island (4007 ft or 1221 m). Under northerly or southerly flow through
the area funneling effects will considerably enhance wind speed in the passages between
the mountains, especially when this flow is confined below a strong low-level inversion.

The Near Islands consist of the Semichi group, which includes Attu, Agattu, and
Shetnya, the site of an U.S. Air Force Base. The group was named because of the relative
"nearness" of these islands to the Russian homeland at the time of discovery. The Semichi
group is quite flat; however, peaks of 3101 ft (945 m) and 2080 ft (634 m) exist on Attu
and Agattu, respectively. The Russian Islands to the west (Commander Islands), although
a logical extension of the Aleutian chain, are omitted from this discussion.

2.1.3 Bathymetry

The bathymetry of the Bering Sea and Aleutian Islands region is shown in Fig. 2-7.
The Aleutian trench, with depths in excess of approximately 20,000 ft (6000 m), runs parallel
to the islands on the south side and continues in its eastward extremity into the northern
portion of the Gulf of Alaska. Figure 2-8 shows some of the region's more prominent sub-
marine and physiographic features.
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In general, the depth and area of the major openings in the Aleutian-Commander island
chain are not large. Of the 39 openings in this chain only 14 have an area greater than
0.3 n mi 2 (1 km2) and a sill depth of at least 655 ft (200 m). Table 2-1 provides the statistics
of these 14 passes on straits. The water is shallowest from the Alaskan Peninsula westward
to Amukta Pass near 170 oW (Fig. 2-2). Amchitka Pass near 179 'E is the only pass east
of 172 °E having a water depth exceeding 3280 ft (1000 m).

Figure 2-9 is a schematic showing a vertical section of the island passes and straits.
From this schematic one can see that the Commander-Near Island Strait and the Kam-
chatka Strait are the major deep-water passes of the Aleutian chain.

TABLE 2-1. DEPTH AND AREA OF THE MAJOR OPENINGS IN THE
ALEUTIAN-COMMANDER ISLAND CHAIN (FAVORITE, 1974)

General Pass/Strait Depth Area
Opening (m) (km 2)

East Samalga 200 3.9
Aleutian Cuginadak 210 1.0
group Herbert 275 4.8

Yunaska 457 6.6
Amukta 430 19.3
Seguam 165 2.1 37.7

Central Tanaga 235 3.6
Aleutian Amchitaka 1155 45.7 49.3
group

West Kiska 110 6.8
Aleutian Buldir 640 28.0

Semichi 105 1.7 36.5

Commander- Near 2000 239.0
Near St. Commander 105 3.5 242.5

Kamchatka 4420 335.3
Strait

Total area 701.3

O
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Figure 2-9. Aleutian-Commander island arc and a schematic vertical
section of island passes and straits (Favorite, 1974).

2.1.4 Currents

It was originally thought, based on data from the NORPAC (Northern Pacific)
Expedition in 1955, that the primary flow of water into the Bering Sea was through Unimak

* Pass (Fig. 2-2). This source is even suggested in the work by Brower et al. (1988), which
provides ocean and atmospheric summaries for the region. However, this viewpoint has
been challenged as a physical impossibility since the sill depth for Unimak Pass is only
200 ft or 60 m (Favorite, 1974), which is not of sufficient depth, based on ocean current
strength, to permit a large volume of water to enter the region. Actual flow through the
various passes in the Aleutian arc is known to be so variable that both north and south
flows have been found simultaneously within a single pass.

In such circumstances data are generally inadequate to determine net flow in either
direction. The best estimate at the present time is that no net annual exchanige occurs through
the eastern Aleutian passes, and the westward flowing Alaska Stream provides the major
impetus with flow entering the Bering Sea through Amchitka Pass and the Commander-
Near Strait. Figure 2-10 shows a diagram of the suggested flow pattern and water mass
characterization. Note the clockwise eddies bringing southerly flow through Amchitka Pass
near 1800 and through the Commander-Near Island pass near 170 'E. Major outflow occurs
far to the west in the East Kamchatka Current.

The surface circulation pattern is still open to various interpretations because of con-
flicting results from various data sources. Summer and winter surface circulation patterns
are shown in Figs. 2-11 and 2-12, respectively (Brower et al., 1988).
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Figure 2-1 2. Bering Sea currents-winter (Brower et al., 1988).

2.1.5 Tides

The Moon is about twice as effective as the Sun in producing tides. Together they
bring about a change in sea level at a given location about every 6 hr. High tide usually
occurs twice a lunar day (24 hr, 50 min) at a fixed interval following the Moon's meridional
passage. The height difference between high and low tides is called the range of the tide.
It is generally greatest during the period of full moon (spring tide) and smallest at half
moon or quadrature (neap tide) when the Sun and Moon's overhead longitudes differ by
900". The range can vary, worldwide, from essentially 0 to over 60 ft (18 in). Figure 2-13
illustrates positioning and tidal effect of the Sun, Moon, and Earth during spring and neap
tides. Spring and neap tides occur at approximately 2-week intervals and not seasonally
as their names might imply.

Secondary variations include an increase in tidal range when the moon is closest to
the Earth (perigee) and a similar decrease when the Moon is furthest from the Earth (apogee).
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Figure 2-13. (a) Sun, Moon, and Earth aligned to produce spring tides. (b) Sun
and Moon acting at right angles to each other to produce neap
tides (after Bascom, 1980).
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The season of the year also influences the magnitude of high and low water levels with
the maximum range occurring at the time of the solstice, during June and December.

A complete discussion of tidal behavior is beyond the scope of the general background
material presented here. However, it should be understood that a variety of combinations
of forces are involved at any particular time and location, including effects of friction and
bottom topography. The complexity of the topic has resulted in defining three types of tides
to cover the variations: the semidiurnal tide, the diurnal tide, and the mixed tide. The
semidiurnal tide is most common, producing successive high and low tides twice a day
about 6 hr apart. The diurnal tide occurs at some locations where only one high tide and
one low tide are observed, roughly 12 hr apart. Finally, the mixed tide refers to tides where
one of the two maxima is higher than the other. The effect is called diurnal inequality.
In this situation a location may experience a high-water level, a highest-high level, a low
and a lowest-low level, not in this order of course.

Tidal action in the Bering Sea contains complicated distributions of the three tidal types.
Figure 2-14 is a recent assessment of tidal types (Brower et al., 1988) showing the range
from high to low tide over the region. Figure 2-15 lists tidal statistics for the Bering Sea
at a number of locations. According to Brower et al.:

"The tide wave enters the Bering Sea as a progressive wave from the North
Pacific Ocean, mainly through the central and western passages of the Aleutian-
Komandorski Islands (Commander Islands). The Arctic Ocean is a minor secondary
source of tides that propagate southward into the north Bering Sea where they
complicate the tidal distributions.

Tides in the Bering Sea are considered to be the result of co-oscillation with
large oceans. Once inside the Bering Sea, each tidal constituent propagates as a
free wave subject to Coriolis effect and bottom friction.

The tide wave propagates rapidly across the deep western basin. Part of it
propagates onto the southeast Bering shelf where large amplitudes are found along
the Alaska Peninsula and in Kvichak and Kuskokwim Bays (Fig. 2-14). Another
part propagates north, eastward past St. Lawrence Island and into Norton Sound.
Over most of the eastern Bering shelf region the tide is mainly semi-diurnal, but
in Norton Sound diurnal tides predominate. Over the remainder of the Bering tides
tend to be mixed. In the Aleutians diurnal rather than semi-diurnal components
are stronger'"
The influence of the Moon and Sun on ocean tides creates tidal currents of three

categories: (a) the rotary type characteristic of currents in the open ocean and along coastal
regions; (b) the rectilinear or reversing type, found in inland bodies of water and in bay
regions; and (c) the hydraulic type typified by current flow through straits connecting the
two independent bodies of water. Tidal currents are much weaker than wind driven currents
except in shallow coastal areas. They repeat themselves as regularly as the tidal motions
from which they are derived. Tidal currents are strongly influenced by the Coriolis force.
For example, in broad estuaries during flood tide in the Northern Hemisphere, the Coriolis
force causes a piling up of the water along the shore on one side of the basin during ebbtide.

The Bering Sea is characteriz i by an open shelf sout - of St. Lawrence Island. Mean
currents are variable in directic and range from 0.02 to 0.08 kt (1 to 4 cm/s), and the
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tidal current accounts for 55 (± 31)% of the fluctuation (Salo et al., 1983). Near St.
Lawrence Island, the Bering Sea narrows into two straits: the Shpanberg to the east and
the Anadyr to the west. North of the island the two straits merge to form the Bering Strait.
Circulation here is dominated by a northward mean flow ranging from 0.08 to 0.3 kt (4 to
15 cm/s), varying 11% to 37 % due to tidal influences (Salo et al., 1983). Flow in both
the Anadyr and the Shpanberg is to the north, approximately parallel to the local bathymetry
contours. The flow appears to come from around both ends of St. Lawrence Island. Frequent
reversals are coincidental with meteorological events. These reversals can affect the flow
over vast regions covering thousands of square kilometers. The presence of ice appears
to dampen the impact of wind stress forcing. The major driving force for the northward
flow through Bering Strait is the sea surface sloping down to the north (Coachman and
Aagaard, 1981). The normal condition is one in which sea level in the southern Chukchi
Sea (in summer) is about 1.5 ft (0.5 m) lower than in the northern Bering Sea. A major
cause of variations in the sea level difference can be traced to fluctuations of the regional
wind distribution. It is also possible that the atmospheric pressure field may itself directly
modify the oceanic pressure field (Coachman et al., 1975).

2.2 Gulf of Alaska

2.2.1 Geography

The Gulf of Alaska lies between 50 to 60 *N and 130 to 155 'W in the extreme north-
east sector of the Pacific Ocean (Fig. 2-16). The region was officially first explored by
the Russians in the mid 1700s. Captain Cook, on his third and final voyage sailed from
his newly discovered Hawaiian Islands in 1788 to the Pacific Northwest and entered what
is now called "Cook's Inlet," leading to Anchorage.

2.2.2 Topography

The Gulf of Alaska is ringed in its northern semicircle by very mountainous terrain.
In fact the world's highest coastal range extends from Mount Fairweather (15,310 ft or
4666 m) near Glacier Bay (58.6 °N, 136 )W) to the Chugach Mountains, leading to Prince
William Sound, just southeast of Anchorage. Mt. Fairweather has possibly the greatest
"sea level to peak" slope of any mountain on Earth. The entire coastal range forms a wall
and literally "makes its own weather." The Alaska Range and the Aleutian Range form
additional significant barriers. Denali (Mt. McKinley), North America's highest mountain
(20,320 ft or 6194 m) is located north of Anchorage in the Alaska Range. Figure 2-17
is a map of the region listing some important places and features.
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Heavily wooded mountains are found on the Kenai Peninsula, Afognak Island, Kodiak
Island, and on the southeastern portion of the Alaska Peninsula (Fig. 2-18). These mountains
provide a block to northwesterly winds that often flow with hurricane force through a gap
over Kamishak Bay, then past the Barren Islands, at the entrance to Cook Inlet, and out
into the Gulf of Alaska. Low terrain leads from near King Salmon across the Alaskan Penin-
sula to Kamishak Bay. This gap is referred to as the Kamishak Gap. Gap winds also flow
through Shelikof Strait when, with high pressure inland, isobars are aligned parallel to
the Shelikof Strait axis. Figure 2-19 is a mesoscale analysis showing aircraft-measured
winds at 260 ft (80 m) during such an event. Northerly winds at the strait entrance veered
southeasterly a short distance into the strait. It was also noted that wind speed increased
through the strait from about 10 kt (5 m/s) at the entrance to 25 kt (13 m/s) near the exit.

The Alaskan Peninsula is typified by a flat tundra region on the northwest side, numerous
mountains of the Aleutian Range on the southeast side, and the Pavlof volcano (8262 ft
or 2518 m) near 162 oW (Fig. 2-3). The Veniaminof volcano (8225 ft or 2507 m) near
159.5 oW is a dominant feature of the southwest portion of the peninsula. The peninsula
terminates just southeast of Cold Bay where a narrow channel (False Pass) separates it
from Unimak Island (Fig. 2-3).
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2.2.3 Bathymetry

The bathymetry of the Gulf of Alaska is shown in Fig. 2-16. It can be seen that the
shallowest water is to the southeast, and the deepest water is in the trench that parallels
the south side of the entire Aleutian chain and extends eastward to an area just south of
Kodiak Island.

2.2.4 Currents

The North Pacific Current, an eastward extension of the Kuroshio Current crosses
the ocean near 45 'N. It then splits into two branches offshore of Washington and Oregon.
The southward flowing branch is called the California Current and the northward flowing
branch, the Alaska Current. In the region of the Gulf of Alaska the system describes a
huge cyclonic gyre, centered near 52 'N, 140 to 145 °W during both winter and summer.
Figure 2-20 is a depiction of the summer sea surface currents in that area (Brower et al.,

Gulf of Alaska surface currents.
Numbers Indicate mean speed In CM2s.

)• •a •1°4 - Prevailing current direction

Pl~ard 1967; Evans aIt al 19T2; Favorite,

• , '- In r ; .~ Ad Fisk 1975; M Vathe w~ s end M ungall

4 la w 9 7 ; I oy r 1 •; a n ., U .S ý N a vy 19 7 7 ,

eocean station vessel P n o

10-100

Figure 2-20. Gulf of Alaska sea surface currents: Summer (Brower et al., 1988).
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. 1988). The companion winter pattern is shown in Fig. 2-21. No appreciable seasonal shift
is apparent in the position of the current.

The current narrows with maximum speed along the shelf break near Kodiak
(Fig. 2-21). In this region the current is referred to as the "Alaska Stream." Maximum
current velocities in the region of 4 kt (2 m/s) have been noted.

The circulation near the shelf break contains frequent meanders and eddies, associated
with changes in bathymetry (See Section 6 for related case study). Eddy formation is most
notable in the fall. The eddies propagate eastward on the north (shoreward) side of the
Alaska Current, moving onto the continental shelf with rotational speeds of up to 1 kt
(0.5 m/s). Troughs or trenches extend from the shelf break into Yakutat Bay and Icy Bay.
In these regions flow is often diverted anticyclonically toward shore in an easterly flow.

A small anticyclonic eddy called the Kayak Island eddy is located just south of Cordova
(Fig. 2-20). The eddy circulates in a typical speed of 0.6 kt (0.3 m/s).

The Kenai Current or the Alaska Coastal Current, a narrow intense current associated
with fresh water runoff, extends from Prince William Sound through the Shelikof Strait

i~Legend

S~Gulf of Alaska surface currents.

SNumbers Indicate mean speed in cmls.
uArrows depict flow as follows:

S- 
P ig r r

Slak---- Variable current direction

. Figue21Gulf of Alaska surface currsBln, Synthesized from
2-2 7odiread and Favorite 1962ý Dodlmead and

Ingraham and Fisk 1975; Mathewrs and Mungalll
1972; Royer 19W0; and U.S. Navy 1977

~~ Cape St. Jame a f -

e Figure 2-21. Gulf of Alaska sea surface currents: Winter (Brower et al., 1988).
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to the western end of the Alaska Peninsula. The current is quite narrow with widths estimated
from 2.7 to 13.5 n mi (5-25 km). Speed can be quite high reaching 2 to 3 kt (1-1.5 m/s)
in some areas. Maximum speeds are usually noted in mid to late autumn.

Observations have shown that flow entering the Kennedy Entrance (between Barren
Islands and Kenai Peninsula) to Cook Inlet is stronger and more persistent than flow entering
the Stevenson Entrance (between Kodiak Island and Barren Islands). Speeds of 0.6 kt
(0.3 m/s) are commonly observed, being stronger near the Kenai Peninsula. Superimposed
on the current speed are tidal speeds reaching 1 kt (> 0.5 m/s) in the Kennedy Entrance.

The current flow in Cook Inlet is interesting in that clear oceanic water enters the
inlet from the southeast on the south side of the inlet during floodtide and departs as turbid
water along the north and west coast during ebbtide. Currents near Kalgin Island, just east
of the Redoubt Volcano (Fig. 2-18), are complex. In this region ebbtides and floodtides
meet, speeds are higher, and occasional strong cross-inlet currents are observed. Peak
velocities of 6 to 8 kt (3-4 m/s) occur during tidal extremes.

2.2.5 Tides

Figure 2-22 shows the range from high to low tide typical of the Gulf region. The
tides are of the mixed type with two highs and two lows per day in most locations. It can
be seen that a very high tidal range of 30 ft (9 m) is characteristic of the Anchorage area.
Secondary maximum tides occur in Nushagak and Kvichak Bay at the northeast end of
Bristol Bay.

2.2.6 Sea Ice and Sea Surface Temperature

February and March are typified by the coldest sea surface temperatures in the Gulf
of Alaska. A bulging of the isotherms northward along the southeast coast of Alaska reflects
the warming influence of the Alaska Current in that region. Figure 2-23 shows the mean
sea surface temperature for February. The Gulf of Alaska is ice free throughout the year.
However, Cook Inlet has appreciable ice amounts (shown as percentage of coverage in
Fig. 2-23) during the winter. Floating glacial ice, calved from glaciers, and winter bay
ice is found in most of the bays and inlets from Annette, Alaska (Fig. 2-16), northward.
A listing of calving tidewater glaciers in Alaska is given in Table 2-2 (Brower et al., 1988).

Figure 2-24 shows the Gulf of Alaska sea surface temperatures in August, which are
about the warmest of the year. Again, the northward bulge of isotherms along the coast
reflects the influence of the warm Alaska Current. Although Fig. 2-24 indicates "'no ice
of any kind reported in the area," this refers only to the open waters of the gulf. The bays
and inlets of Alaska usually have bergs and growlers calved from glaciers at some loca-
tions throughout the year. Note that the Exxon Valdez ran aground while "dodging" Prince
William Sound growlers (April 1989), resulting in an ecological disaster. Obviously bergs
and growlers can be extremely hazardous to navigation.
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. TABLE 2-2. CALVING TIDEWATER GLACIERS IN ALASKA, NUMBERED
FROM SOUTH TO NORTH (BROWER ET AL., 1988)

FrederIck Sound Icy Bay
1. Le Conte Glacier, in Le Conte Bay 27. Tyndall Glacier

28. Yahtse Glacier
Stevens Passage 29. Guyot Glacier

2. Dawes Glacier, in Endicott Arm

3. South Sawyer Glacier, in Tracy Arm Prince William Sound
4. Sawyer Glacier, in Tracy Arm 30. Shoup Glacier. in Shoup Bay on Port Valdez
5. Taku Glacier, in Taku Inlet 31. Columbia Glacier. in Columbia Bay

32. Meares Glacier. in Unakwik Inlet
Glacier Bay 33. Yale Glacier. in College Fiord on Port Wells

6. McBride Glacier, in Muir Inlet 34. Harvard Glacier. in College Fiord on Port Wells
7. Riggs Glacier, in Muir Inlet 35. Smith Glacier. in College Fiord on Port Wells
8. Muir Glacier. in Muir Inlet 36 Wellesley Glacier. in College Fiord on Port Wells
9. Plateau Glacier, in Wachusett Inlet 37 Coxe Glacier. in Barry Arm on Port Wells

10. Grand Pacific Glacier, in Tarr Inlet 38 Barry Glacier. in Barry Arm on Port Wells
11. Margerie Glacier, in Tarr Inlet 39 Cascade Glacier. in Barry Aim on Port Wells
12. Toyatte Glacier, in Johns Hopkins Inlet 40. Serpentine Glacier. in Harriman Fiord on Port Wells
13. Johns Hopkins Glacier. in Johns Hopkins Inlet 41 Surprise Glacier. in Harriman Fiord on Port Wells
14. Gilman Glacier, in Johns Hopkins Inlet 42 Harriman Glacier. in Harriman Fiord on Port Wells
15. Hoonah Glacier, in Johns Hopkins Inlet 43 Blackstone Glacier. in Blackstone Bay
16. Kashoto Glacier, in Johns Hopkins Inlet 44 Beloit Glacier. in Blackstone Bay. 17. Lamplugh Glacier, in Johns Hopkins Inlet 45 Nellie Juan Glacier, in Derickson Bay on Port Nellie
18. Reid Glacier. in Reid Inlet Juan

46 Chenega G!a':ier. in Nassau Fiord on Icy Bay
Cross Sound 47 Tiger Glacier. in Icy Bay
19. Brady Glacier, in Taylor Bay

Alaik Bay
Northeast Gulf of Alaska 48. Aiahk Glacier
20. La Perouse Glacier 49 Holgate Glacier. in Holgate Arm

Liltuya Bay Harris Bay
21. North Crillon Glacier 50. Northwestern Glacier. in Northwestern Lagoon
22. Cascade Glacier
23. Lituya Glacier Nuka Bay

51. McCarty Glacier. in McCarty Fiord

Yakutat Say 52. Denglestadt Glacier (eastern tongue). in McCarty
24. East Nunatak Glacier, in Nunatak Fiord Fiord
25. Hubbard Glacier, in Disenchantment Bay
26. Turner Glacier, in Disenchantment Bay
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3. CLIMATOLOGY OF THE
REGION

Various climatological phenomena are examined for the three subregions, the Bering
Sea, Aleutian Islands, and Gulf of Alaska. Some of the elements examined are precipitation,
temperature, humidity, wind, and sea ice.

3.1 Bering Sea

The Bering Sea ice pack has an extremely important influence on the climate of the
region, forming in October as fast ice along the shores of the Seward and Chukotsk penin-
sulas. The coastal climate at this time changes from maritime to continental in nature as
both temperature and moisture in the air decrease. Ice begins moving south over the open
sea in November, and by February through April there is at least a 10% chance that it
will extend as far south as St. Paul Island in the Pribilofs. In the western portion of the
Bering Sea ice begins forming as fast ice in late October or early November along the
Siberian coastline to the central portion of the Kamchatka Peninsula. This ice gradually
extends southeastward almost reaching Nikol'skoe in the Commander Islands by January.
The ice limit arches northward from this location and then drops southward toward the
Pribilof Islands. The position of the limit of ice is quite changeable, moving southward
at speeds approaching 30 to 100 n mi (56-185 km) in one day under northerly flow, and
contracting 20 to 30 n mi (37-56 kin) under southerly flow. Ice is continuously melting
at the southern edge and forming to the north. The Bering Sea is almost completely free
of ice from July through most of October.

During winter, in the absence of sunlight, the loss of heat from the Arctic latitudes
is continuous because of long-wave radiation to space. As a consequence, huge masses
of cold, dense air accumulate over the area. Eventually this air moves southward toward
less dense air over the Bering Sea and Aleutian Island region. A principal factor in promoting
this imbalance is the Aleutian Low, centered close to the western end of the Aleutians during
January through April. Warm air brought into the Bering Sea by this system is eventually
displaced by cold Arctic air moving through the region of the Bering Strait.

It is important to understand that the Aleutian Low is a climatological feature reflecting
the high frequency of lows in the area. However, on a day-to-day basis the low can be located
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anywhere from Kamchatka to Kodiak or even not appear at all, as ridging or high pressure
develops to dominate the region.

The Aleutian Low characteristically has an elongated east-west axis and most storm
developments move from west to east through the area. As noted by Grubbs and McCollum,
1968, "The most frequent track trajectory is along the Aleutian chain and into the Gulf
of Alaska in winter, and along the same general path to the west but curving northward
into the Bering Sea during summer." The winter storm track, eastward along the Aleutian
chain, is in response to die expanding dome of cold Arctic air and resulting high pressure
over Siberia and Alaska. A deviation from this pattern, permitting meridional north-to-
northeast movement of lows into the Bering Sea, occurs when long-wave ridging develops
over the eastern Bering Sea and Alaska. This usually happens a couple of times for extended
periods during the winter, most frequently during late January to mid-February.

The storms moving through the Aleutian chain are associated with frontal zones
separating airmasses with distinctive qualities related to lapse rate and stability, cloudiness,
cloud type, precipitation, visibility, and wind flow. Cold Arctic air moving southward con-
trasts with warm Pacific air moving northward creating baroclinic frontal zones and often
very intense cyclogenesis. Along the frontal zone and to the northeast of the low center,
overcast multilayer cloud conditions and showers or steady rain and/or snow prevail. Wind
speed can be very intense in the frontal zone and around the low center.

It has been noted (Grubbs and McCollum, 1968) that "normally, cloudiness associated
with frontal passages in winter is confined to much lower levels than in summer, but even
in winter clouds may extend to altitudes of 12,000 to 15,000 ft (3660-4574 in).

The temperature of the water in the Bering Sea is another important influence on weather
developments, and it is cold, ranging from about 37 to 30°F (+3 to -1VC) from January
through April, warming to about 43 to 50TF (+6 to 10QC) during the summer through
September, and then gradually cooling during October and November, when ice again begins
to form.

Advective fog is common. Southerly flow brings warm, moist air northward, which
is cooled by the underlying water. Such fog may persist for extended periods (days at a
time), dependent upon the rapidity of movement of weather systems through the area. During
summer, fog or stratus prevails, and clearing occurs only following the low pressure center
and/or cold frontal passage.

The major currents affecting the Bering Sea and the Aleutian Islands are the eastward
flowing Aleutian or Subarctic Current containing a mixture of the warm water of the Kuroshio
Current and the cold water of the Oyashio Current, the westward flowing Alaskan Current
or Alaskan Stream (actually a branch of the Aleutian Current), and the southward flowing
East Kamchatka Current (the Oyashio Current) (see Chapter 2; Fig. 2-10). Although the
water is quite cold, there are large air-sea temperature differences. Colder Arctic air flows
over the relatively warmer water, producing significant heat and moisture fluxes from the
sea to the air. These fluxes make an integral contribution to cyclogenesis, including explosive
polar low development favored in the region southeast of coastal Siberia.
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3.1.1 Precipitation

The heaviest precipitation in the Bering Sea occurs during the months of November
through April with peak amounts in the central Bering Sea. In this region 30% to more
than 40% of all observations report precipitation, primarily in the form of snow or snow
pellets. A tendency exists in this region for most precipitation to occur with enhanced cloud
streets and open-celled convective patterns that accompany northerly flow. This flow is
produced as low pressure systems move in a northeasterly direction near the southern portion
of the region, exposing all except the southeastern portion of the area to northerly winds.
Liquid precipitation, when it occurs during the November to April period, is often in the
form of freezing rain or drizzle. Island locations such as the Pribilofs tend to have more
frequent precipitation than over the open waters as a result of orographic lifting of the air
over the islands.

By May the frequency of precipitation drops fairly drastically in the southern Bering
Sea and is most often of the liquid variety. In the more northerly latitudes greater than
25 % of all observations indicate precipitation, and 60 % to as much as 85 % of the precipita-
tion occurs in the form of snow.

July and August are the only months when frozen precipitation becomes a rarity. During
these months a minimum of observations indicate precipitation in the northern Bering Sea,
with a greater number in the central and eastern regions of the Bering Sea. A minimum
also occurs in the western Bering Sea (< 10%). This summer season precipitation pattern
is related to the northward migration of the North Pacific anticyclone to a position just

* south of the Gulf of Alaska (near 40'N, 150'W). Storm tracks are steered from southwest
to northeast through the central Aleutian chain toward Bristol Bay and western Alaska.

A general decrease in total annual precipitation is found from the south to the north
over the Bering Sea because of the ice pack influence; decreasing temperatures, increasing
continentality, less open ocean, increased land area, an increase in ice cover over ocean
areas, and decreasing moisture sources. As an example the Seward Peninsula has an average
annual precipitation of 15 inches (38 cm), whereas the southern region experiences a
precipitation amount of about 25 inches (63 cm). Heaviest rainfall occurs in summer when
24-hr amounts may exceed 2 inches (5 cm) in severe storm events.

3.1.2 Snowfall and Snow Cover

Snow occurs more frequently in the northern Bering Sea than in the southern Bering
Sea. Because of lower temperatures in the north, the snow is a light, fine type that may
drift and pile up to depths of 2 to 3 feet (1 m). Snow can occur as early as September.
In the southern portion of the Bering Sea the snow is often wet and heavy. Accumulations
generally do not exceed 1 ft (30 cm); however these can occur very rapidly. The wet snow
packs very easily and is often melted by rainfall that may follow the snow event. Snow
can be expected on a periodic basis from October through April.

Snow showers can be anticipated throughout the region. It is not unusual for a single
open cell to cause an accumulation of 1/4 inch (0.6 cm) of snow as it moves over a given
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location. Snow from such events is frequently in the form of snow pellets rather than snow
flakes. Cold troughs or upper cold lows can be located in satellite data by the accompanying,
underlying fields of enhanced open-celled cumulus or cumulonimbus.

3.1.3 Thundershowers

The cold waters of the Bering Sea generally have a stabilizing influence on airmasses
that move over them in summer. Even in winter, when the water can be relatively warm
in comparison to Arctic airmasses, modification of air occurs fairly rapidly so that poten-
tial instability is rapidly lessened, particularly if upper level conditions are unfavorable.

Thundershowers, therefore, are a relatively rare event, occurring mainly in late winter
in conjunction with synoptic scale disturbances, such as polar lows (which can achieve
synoptic scale), polar or Arctic fronts, or upper level cold troughs on cold low features.
The northwestern portion of the Bering Sea produces most of these events.

3.1.4 Temperature

The significant north-south extent of the Bering Sea gives rise to a latitudinal variation
in temperature, particularly noticeable in winter. The presence of the Aleutian Low in winter
tends to cause warmer temperatures in the central and southeastern portions of the region;
colder temperatures are experienced to the northwest where Arctic airmasses flow from
off the Siberian mainland. Freezing temperatures are experienced more than 50% of the
time for the area just north of the Aleutians from December through May. The frequency
of freezing temperatures increases to over 90% of the time from the edge of the pack ice
northward. From May through July temperatures warm considerably, with the coldest pocket
of air centered over the central Bering Sea. In this region, by July, freezing temperatures
are experienced about 8 % of the time, and the southward limit of freezing temperatures
lies just north of the Aleutians. From June through October warmer temperatures are found
near the coasts. This situation reverses during the winter and spring months when colder
temperatures occur near the coasts.

August is the warmest month of the year over the Bering Sea. Temperatures range
from about 44 *F (7 'C) in the north to 50'F (10'C) in the south. By late October freezing
temperatures (daily minimums) again move into the northern Bering Sea and gradually
extend southward to the Pribilofs by December, as the ice pack is reestablished.

3.1.5 Humidity

The main factors affecting humidity over the Bering Sea are season and direction of
wind flow. Humidity is generally high in summer. In winter the central and southeastern
portions of the Bering Sea tend to have higher humidities, whereas the northern Bering
Sea coastal areas have lower humidities. This difference relates to flow around the Aleutian
Low when southerly winds tend to promote moister conditions in the southeastern Bering
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Sea due to saturation effects as air is cooled from below. To the north and northwest in
northerly cold air outbreaks, cold air over relatively warmer water leads to considerable
vertical mixing, which brings about reduced humidities at lower levels.

3.1.6 Cloudiness

The Bering Sea, like the Aleutians, is one of the cloudiest areas in the Northern
Hemisphere. During the winter the central Bering Sea experiences broken to overcast con-
ditions more than 85 % of the time, averaging only 1 or 2 days per month in which the
cloudiness is less than or equal to two-eighths coverage. The cloudiness situation becomes
even worse in summer when as many as 95% of the days are overcast.

During both seasons the situation improves from the central Bering Sea toward the
Russian and Alaskan coastlines, where during winter as many as 9-12 days per month
may be essentially clear. During summer such days occur about half as often. Ceilings
are low throughout the year. Cloud tops tend to extend much higher in summer.

It is important to stress the marked change in average cloud top height experienced
as one moves from typical midlatitude expectations to conditions over the Bering Sea. In
winter even intense cyclones are usually confined to altitudes below 15,000 ft (4572 m).
Similarly cloud bases are much lower than normally seen at lower latitudes. A stratocumulus
broken to overcast conditions may frequently exist with a base at 800 ft (244 m) or less
compared to midlatitude expectations of 1500 ft (457 m) or higher. Cirrus cloudiness in
summer and winter is frequently found well below the 20,000 ft (6096 m) level, and theO rare thunderstorm events may be topped at 15,000 ft (4572 m) or lower. Cloud tops are
often twice as high over islands, however, as over the open water, due to orographic uplifting.

3.1.7 Wind, Visibility, and Cloudiness

Combined optimum factors important for aircraft operations include a ceiling of at
least 5000 ft, a visibility _> 5 n mi (2:9 kin), and a moderate wind speed of 11 to 21 kt
(6-11 m/s). During winter such optimum conditions prevail only about 2 to 3 days a month.
Conditions improve to as much as 6 days per month along the Russian coastal area and
west coast of Alaska. Best flying conditions occur following storm passages. Post-frontal
cyclonic flow gives rise to open-celled convection and a higher mixed layer depth with
improved low level visibility. Although cloud coverage is frequently broken with ceilings
< 5000 ft, this is typically the best condition experienced. The situation deteriorates rather
drastically from May through August when optimum conditions occur less than 2 days
per month in the central Bering Sea and 3 or 4 days per month near the coastal areas.
Surface visibility is better during winter than summer as fog is frequent during June, July,
and August.
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3.1.8 Storm Tracks and Surface Winds

Surface winds over the Bering Sea are closely related to the track of storms through
the region. Generally in winter this track is further south approaching from the west or
southwest and passing to the east or northeast. In these conditions easterly, northeasterly,
and northerly flow is experienced over the lower portion of the Bering Sea. Blocking condi-
tions are favored for extended periods along longitude 140 'W, forcing the Aleutian Low
to be centered well to the west near the Kamchatka Peninsula. Under such circumstances
meridional flow develops and storms move from south to north through the central Aleutians
into the Bering Strait region and into northwestern Alaska. During blocking regimes
northerly or northeasterly flow is experienced over the western Bering Sea and southerly
or southeasterly flow over the eastern portion. Occasionally (not mentioned in most
climatological studies of the region), storms recurve and dissipate as they move northwest-
ward toward Siberia. The strength of the surface wind is closely related to the frontal position
and often drops rapidly immediately following passage of the trailing edge of the frontal
cloudiness. Frequent satellite views of the region facilitate excellent wind forecasts using
the above observation.

During summer the frequency and intensity of storms is considerably reduced. Because
of the northward and westward extension of the North Pacific, high warm moist air is
advected northward along the western boundary of the high and then turns anticyclonically
producing westerly or southwesterly flow over the region. Cooling by the underlying cold
water gives rise to extensive prolonged periods of low overcast cloudiness and fog. West
to east storm tracks also tend to move to a more northerly latitude producing westerly flow
in the southern Bering Sea and northerly or northeasterly flow in the northern regions.

Major weather producers in the fall are the recurving, extra-tropical storms. When
tropical, these storms normally track westerly toward southeast Asia, then, as they recurve,
track northerly east of Japan and northeasterly into the Bering Sea or easterly into the Gulf
of Alaska. These storms are often intense with gale winds a frequent occurrence. Heavy
rainfall is generally present because of the high moisture - _;atent still remaining from the
storm's tropical origin.

3.1.9 Bering Sea Ice

The ice pack coverage of the Bering Sea has an important influence on the climate
of the region. The ice distribution in the Bering Sea is closely related to both the seasonal
cycle and shorter term circulation regimes and synoptic patterns. Interseasonal variations
of prevailing long-wave patterns are reflected in the timing of onset of fall freezeup, spring
breakup or melt, and winter extent and character of the ice pack. On a year-to-year basis
the mean location of the winter months ice edge may vary by as much as 150 n mi (278 km)
(Barnes and Bowley, 1979). During the growth and retreat the ice edge position or areal
coverage may vary by a couple hundred nautical miles (300-400 km) over a day or two
under reversals of strong northerly and southerly winds or vise versa.
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The winter ice pack acts to extend the area of continental type climate southward over
the Bering Sea by significantly reducing the source of heat and moisture flux from the
sea surface. The prevailing northerly flow from off the high pressure dominated landmasses
and out over the Bering Sea results in the pack-ice-covered areas remaining generally cloud
free. However, extensive areas of convective type cloud streets form off the ice edge and
extend hundreds of nautical miles (hundreds of kilometers) seaward under strong off-ice
flow. Small scale cyclones, referred to as polar lows, frequently form within a couple hundred
nautical miles (300-400 km) of the ice edge. With certain upper air patterns, polar lows
can persist for several days while migrating eastward across the Bering Sea parallel to the
ice edge.

The formation and growth of the ice during the freezeup season are governed by the
air and water temperatures and the prevailing wind regime. The breakup, or melting, of
the pack is largely controlled by the timing of the northward shift of the storm track. Shorter
term fluctuations of the ice edge location are determined by the track and intensity of
individual synoptic highs and lows. The initial development and ultimate extent of the ice
pack is strongly influenced by the proximity of cold landmasses and local ocean depths.
The wide relatively shallow continental shelf area of the eastern portion of the Bering Sea
results in much greater areal coverage of sea ice in that region than over the deeper waters
south of Siberia (Ahlngs and Wendler, 1979).

The shallow coastal areas of northern Bristol Bay experience ice formation as early
as September and as late as June. Extensive ice coverage occurs throughout Bristol Bay
from December through April. The harbor ot Cold Bay, located near the southwestern

* end of the Alaska Peninsula, may be closed by ice for a month or more from January into
April. Bays, inlets, and harbors of the Aleutian chain west of Unimak Pass (about 165 'W)
will experience some ice cover during the coldest periods of winter (December through
March).

Freezeup starts in Norton Bay in eastern Norton Sound by late October and proceeds
rapidly southward along the shallow coastal zones that are cooled by flow off the land-
masses. Around the first of November the Bering Strait and Gulf of Anadyr on the Siberian
side become ice covered. Ice extends southward beyond eastern St. Lawrence Island to
Nunivak Island. By early to mid-December the ice edge reaches St. Matthew Island and
extends into Bristol Bay. The last area to freeze is south of St. Lawrence Island in the central
Bering Sea.

The southward advance of ice coverage over the Bering Sea occurs quite rapidly from
early November through late January. The maximum areal coverage is typically reached
during late March or early April. Retreat of the ice edge is also quite rapid, occurring
mostly during June. By July the Bering Sea is basically ice free and remains so until early
October when coastal ice begins to form in coastal bays and inlets along the shores of the
Seward and Chukotsk peninsulas. Table 3-1 provides average dates for southward advances
and retreats of the ice edge (_ one-tenth coverage) through the Bering Strait.

It should be noted, however, that sea ice generally develops in Norton Sound and the
Gulf of Anadyr and other coastal areas of I Ays and inlets before ice edge passage through
the Bering Strait. Ice also tends to persist .j those samc regions after the retreat of ice
through the Bering Strait. In fact, most of the Bering Sea ice is formed along the shores
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TABLE 3-1. WEEK OF THE YEAR OF ICE EDGE (2t ONE-TENTH COVERAGE)
ADVANCE AND RETREAT PASS 65.5 ON AT 169-W, APPROXIMATE CENTER

OF THE BERING STRAIT, FOR THE PERIOD 1972 THROUGH 1986

Earliest Average Latest
Southward advance week 45 week 47 week 51

(1975) (1978)

Northward retreat week 18 week 24 week 27
(1979) (1973)

of the Seward and Chukotsk peninsulas and advected southward across the Norton Sound
and Gulf of Anadyr over the northern and central Bering Sea.

The mean southern winter limits of sea ice are closely related to the edge of the
continental shelf (see Chapter 2; Fig. 2-7) and closely bounds the 100 to 200-m depth
contour interval. The 200-m contour marks the edge of the continental shelf where depths
drop off rapidly to 2000 m, frequently within 50 to 100 n mi (93-185 km). The entire
northeastern sector of the Bering Sea overlies a continental shelf, but only a very narrow
shelf exists along the Siberian coast from Cape Navarin southwestward.

The ice forms in situ during a typical ice year in the shallow (< 100 ft or < 30 m)
waters of Norton Sound and the eastern Bering Sea where isothermal water of 29 °F
(- 1.8 °C) develops. Under prevailing northerly to easterly wind the ice is advected southward
into regions of warmer water.

Pease (1980) described the Bering Sea ice advance characteristics as those of a "conveyor
belt," growth occurring in the north and advection by the wind to the south. The leading
edge ice melts and cools the water column, thereby enhancing the wind-forced advance
of the ice edge. Because of this southward advection of ice, persistent polynyi are formed
in the lee (southern side) of islands such as St. Lawrence, St. Matthew, and Nunivak. Because
of the conveyor belt action persistent leads also form seaward of the land-fast ice along
south-facing coastlines.

The exact location and configuration of the ice edge is very sensitive to wind patterns.
The location of the edge can fluctuate rapidly under reversing northerly or southerly winds.
With the onset of winter the combination of high pressure development over the Siberian
landmass and resulting southward shift of the cyclonic storm track to south of the Aleutian
chain results in prevailing north-to-northeast flow over the ice-covered portion of the eastern
Bering Sea. Under this forcing the ice edge advances southward where the leading edge
encounters warmer water and on-ice swell action. The interactions of off-ice wind, on-ice
swell, and increasing sea surface termperatures to the south result in recurring ice edge
configuration characteristics, which are described in the following paragraphs.

The leading portion of the ice divides into three zones referred to as the edge, transi-
tion, and interior zones (Squire and Moore, 1980) during periods of off-ice flow. A schematic
diagram showing both the horizontal and vertical dimensions of ice in the three zones is
shown in Fig. 3-1. The edge zone is characterized by formation of long, linear bands of
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Figure 3-1. Schematic diagram of the three kinds of
ice that occur near the ice edge,
proceeding inward from open water. The
upper par of the figure shows the ice in
plan view; the lower part, in side view
(Bauer and Martin, 1980).

ice up to 5 to 10 n mi (9-19 km) long and 1/2 n mi (0.9 kin) or so wide (Bauer and Martin,
1980). These bands become nearly perpendicular tu the wind and move southwestwai'd
faster than the main body of pack ice. The edge zone consists of small broken floes that
are heavily rafted and ridged with increasing sail heights and keel depths. The rafting and
ridging result from opposing wind and swell interactions. The edge zone ice moves faster
downwind, probably due to the increased aerodynamic roughness, and tends to separate
from the rest of the pack. This advanced location leads to rapid melting, exposure of the
trailing pack to undampened southerly swell, and development of a new edge zone. Because
of the reduced swell amplitude (damped by the edge zone) the waves fracture the ice in
the transition zone into small rectangular floes but do not heavily raft or ridge it. The interior
zone is marked by an abrupt transition to a region of large floes measuring miles in extent.

During on-ice wind flow, the ice edge becomes compact with only widely scattered
ice seaward from the compact ice edge. Under persistent strong on-ice flow during the
freezeup season the edge can make dramatic retreats of hundreds of miles. In general, polynyi
will form on the reverse sides of islands and coastal areas under on-ice flow. Thus, the
polynyi change location from the prevailing south facing sides to the north facing sides.

3-9



The ice pack of the Bering Sea is composed of nearly 100% first year ice. The sea
becomes free of sea ice each summer, and advection of multiyear ice from the Arctic Ocean
basin region is rare. Ice pack thickness varies from 1.6 to 6.5 ft (0.5-2 m), and most of
the area is covered by 3.3 ft (1 m) or less thick ice.

A persistent north setting current flows through the Bering Strait, which, in general,
cuts off advection of any multiyear ice out of the Arctic Basin (Pritchard et al., 1979).
Only under particular circulation patterns, characterized by strong high pressure over north-
east Siberia and a deep low in the Gulf of Alaska, will the northerly winds become strong
enough to advect multiyear ice southward through the Bering Strait. Pritchard et al. (1979)
determined that a pressure difference of 20 mb must be created between Cape Schmidt,
Siberia (higher pressure), and Nome, Alaska, to reverse the flow through the Bering Strait.
This results in an outbreak of Arctic basin ice from the Chukchi Sea, which may contain
thicker multiyear ice, into the northern Bering Sea. The circulation pattern resulting in
these outbreaks may occur a couple times each winter and remain for a day to a week
or so each. The pattern is characterized by an intense high pressure cell over northeastern
Siberia and a deep low pressure cell in the Gulf of Alaska. High pressure and strong north-
easterly flow will dominate the eastern Bering Sea in the steep gradient zone between the
two cells.

The evolution of mean ice coverage, illustrated in Figs. 3-2 through 3-5, provides
frequencies of occurrence of ice of any kind (land fast or pack and first year or multiyear).
By November (Fig. 3-2) ice prevails in the coastal regions of the Seward and Chukchi penin-
sulas as denoted by the 60% or greater frequencies of occurrence. All coastal bays and
inlets of Alaska and Siberia from northern Bristol Bay northward to St. Lawrence Island
and then southwestward to the Kamchatka Peninsula experience ice cover from 10% to
70% of the time in November. The continental influence is strongly evident in the ice
coverage pattern during the autumn freezeup period.
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By January (Fig. 3-3) the 100% frequency ice coverage reaches St. Lawrence Island
and extends southeastward along the Alaskan coast and southwestward along the Siberian
coast to northern Kamchatka. The ice coverage frequencies continue to reflect the continental
influence as well as the bathymetry pattern of the extensive shallow continental shelf of
the eastern Bering Sea. It is during this freezeup and general advancing ice period that
rapid advances of the ice edge by hundreds of miles can occur in a matter of days. These
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large advances typically occur following periods of temporary retreat (northward advection)
of the ice under strong southerly flow. Because the shallow water column has been precondi-
tioned to near isothermal 29 'F (- 1. 8 *C) temperature, the return to northerly flow results
in combined wind advection of ice and in situ freezing of ice. The result is an advance
of ice coverage at much greater speeds than possible from ice advection alone.

The maximum coverage of ice typically occurs in late March or early April. Figure 3-4
shows the March coverage, which on average includes the maximum area of 100 % coverage
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as well as extreme advances of lesser frequencies over the eastern Bering Sea. The mean
April conditions (not shown) show slightly greater advances of the lower frequencies over
the western Bering Sea, but lesser advances over the eastern portion.

By June (Fig. 3-5) a rapid retreat has occurred. The retreat occurs largely during the
month of June. The spring retreat is usually not as dynamic as the autumn advance. This
results from the weakening storm systems of spring into early summer compared to intensify-
ing systems of late fall into winter. The delay of the marine ice season as compared to
continental seasons contributes to these differences in freezeup and breakup (melt) time
and intensity. By early July the Bering Sea becomes ice free and remains so until late
September when the first small bays and inlets along extreme northern Bering Sea coasts
experience the start of freezeup.

Table 3-2 provides information on the advance, retreat, interannual variability, and
extremes of ice edge location for the period 1972 through 1987 along the 171 to 167'W
longitude corridor. Data are presented for the "ice year" at 2-week intervals starting in
mid-November (week 46) and ending in late June (week 26). The corridor extends southward
from the midpoint of the Bering Strait (65.5 'N, 169 'W) to the southern limit of ice coverage,
56'N for this data set.

The general variability as well as seasonal traits of Bering Sea ice coverage is evident
in several of the statistics in Table 3-2. The mean edge location values show a steady advance
southward until late February (58.14 'N), then a small retreat by early March (58.40°N)
that may reflect the period of southerly flow associated with the "February thaw" event,
noted as a singularity of that region. Following the retreat, an advance to 58.05 'N, maximum
mean extent for the corridor, occurs by late March. The means for the 10-week period
of early February through mid-April are all between 58.05 and 58.97 *N. This is the ice
"winter" period when the coverage is maximum and the interannual variations, as reflected
by the smaller standard deviations, are smallest. The larger standard deviations during the
preceding ice growth and following retreat periods reflect the atmospheric wind and ice
coverage tendencies for warm southerly or ice retreat and cold northerly or ice advance
conditions. The interannual variations between extreme northern and southern locations
also tend to be largest during the early and late "'ice year" periods, with variations that
approach 400 n mi (741 km) during the early retreat (mid and late May, weeks 20 and 22
having up to 6.5 0 of latitude difference). There is a strong indication of persistence within
a given year of maximum or minimum coverage. Persistent maximum coverage is indicated
in 1976 and minimal coverage in 1979. Both years record extreme conditions in 7 of the
17 biweekly periods in Table 3-2. Also of interest, no cases of change occurred from one
extreme to the other within an "ice year," which reflects a strong tendency for interyear
persistence. This does not preclude events of large week-to-week changes. The following
events of large changes in ice edge location during the period covered in Table 3-2 illustrate
this fact:

1972 week I to 2 62.000 to 59.880 N
1974 week 2 to 3 61.000 to 58.750 N
1979 week 4 to 5 63.880 to 59.500 N
1976 week 25 to 26 60.750 to 64.88 0N
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The years of 1972, 1974, and 1976 had greater than normal coverage, and 1979 was
generally the year of minimum coverage for the 1972--87 period.
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TABLE 3-2. ICE EDGE LOCATION BETWEEN 171°W AND 167°W FROM
MID-NOVEMBER THROUGH JUNE AT TWO-WEEK INTERVALS FOR

THE PERIOD 1972-1987. DATA SOURCE: DIGITIZED WEEKLY
JIC, SUITLAND ICE CONDITION CHARTS

Time of Year Mean Latitude Extremes (year)
Week No. Standard Deviation Northern and Southern

Mid Nov 65.04 65.50 (several)
Week #46 1.08 62.76 (1975)

Early Dec 63.49 65.50 (several)
Week #48 1.85 61.26 (1976)

Mid Dec 61.87 65.32 (1978)
Week #50 1.93 59.32 (1974)

Late Dec 60.89 63.69 (1984)
Week #52 1.66 58.63 (1974)

Mid Jan 60.27 62.75 (1979)
Week #2 1.69 57.94 (1983)

Late Jan 59.47 63.69 (1979)
Week #4 1.66 57.94 (1980)

Early Feb 58.97 62.88 (1985)
Week #6 1.40 59.94 (1976)

Late Feb 58.14 60.69 (1979)
Week #8 1.10 56.63 (1975)

Early Mar 58.40 60.19 (1982)
Week #10 0.93 56.63 (1984)

Late Mar 58.05 59.44 (1981)
Week #12 0.95 56.38 (1976)

Early Apr 58.28 61.50 (1979)
Week #14 1.36 56.00 (1976)

Mid Apr 58.75 62.63 (1981)
Week #16 1.76 56.32 (1974)

Apr - May 59.23 64.57 (1979)
Week #18 2.34 56.69 (1976)

Mid May 60.55 64.00 (1979)
Week #20 2.05 57.50 (1972)

Late May 61.54 65.00 (1981)
Week #22 2.06 58.50 (1976)

Mid Jun 63.03 65.50 (1979 and 1982)
Week #24 2.03 60.13 (1975)

Late Jun 63.93 65.50 (several)
Week #26 1.57 61.19 (1976)
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. Notes to Table 3-2:
1. The ice edge latitude values represent an average of conditions between 171 °W

and 167 oW at quarter degree intervals.
2. By week 28 (mid-July) the Bering Sea is basically ice free.
3. Location 65.5 *N, 169 oW is considered center of Bering Strait in this study.
4. During this 16-yr period all minimum coverages occurred in 1978 and following

years; all but three maximum coverages were in the 1972 through 1976 period.
5. The sequence of standard deviations reflect large interannual variations during

freezeup and melt, and less variability during the period of maximum coverage.

3.2 Aleutian Islands

The Aleutian Islands have received a reputation for having a climate considered to
be one of the world's worst. However from a standpoint of temperature and precipitation
extremes, this is certainly an exaggeration. Winter's cold winds from the north are rapidly
warmed through heat flux from the water, whereas summer's warmer winds from the south
are cooled from the same source. Therefore, winters are mild and summers are cool, avoiding
the harsh extremes of either the Arctic or desert environment. Precipitation is predominantly
accumulated in the winter as a result of the frequent passage of storms, and throughout
the year it is more than ample to support a vigorous development of flora and fauna. Few
trees exist, however, because of the volcanic nature of the islands' soils. The variety of
smaller plants, flowers, and wildlife thriving in this environment make it a "dream world"0 for the biologist.

From the point of view of the Navy sailor or aviator, however, the Aleutians' reputation

for foul weather can hardly be exaggerated. Storms passing the Aleutians usually arrive
from the west as deep occluded systems, sometimes as transformed versions of typhoons
that have "gone extratropical." Winds at sea and exposed regions on the islands often exceed
hurricane force, sometimes further strengthened as a result of venturi effects through moun-
tain passes or ocean gaps between islands. It has been reported that at Shemya Air Force
Base the local wind indicator is a log attached to a chain hanging vertically, suspended
above the ground from a horizontal beam. When the log and chain are blown by the wind
to a position horizontal to the ground it is generally considered unsafe to venture out-of-doors.

Visibilities are frequently severely restricted by fog, which can persist for days without
improvement and for lesser periods on the islands and at sea through intense precipitation
in cyclone activity. The tendency for extended consecutive days of bad conditions can be
very frustrating for operations at sea, in the air, and at naval and air installations on the
islands.

3.2.1 Precipitation

The most frequent precipitation period (> 30% of all observations) occurs mainly from
December through April. More than 50% of the time during this period precipitation is
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of the frozen form, and the frequency of frozen precipitation increases gradually to the
west from about 50% near Cold Bay to 90% or more over the Commander Islands. During 0
May and June precipitation is the lightest of the year, when only about 15 % of the stations
report precipitation, all of which is in liquid form.

Convective showers produce rainfall on a 15 to 20% frequency from July through
September, and by October and November snow begins reappearing at similar frequencies.

3.2.2 Snowfall and Snow Cover

During winter snow frequently covers the ground but the depth of coverage rarely
exceeds 1 ft (30 cm). High winds, however, cause snow to drift so that depth at an individual
location is highly dependent on topography. Some depressions may fill to depths exceeding
6 ft (1.8 m), and other areas remain relatively free of snow. Because of the relatively mild
temperatures the snow is frequently of the wet, heavy type. Annual rainfall for the islands
averages 40 to 50 inches (102-152 cm), and, again is heavily influenced by topography
so that individual locations may have quite different rainfall amounts even though they are
separated by only a short distance.

3.2.3 Thundershowers

Thundershowers are a rarity in the Aleutian Islands region with an expected frequency
of only 1 or 2 thundershowers per year at a given location. These usually occur during
the winter months in association with frontal activity and orographic uplifting effects, or
with unusually cold temperatures and an upper cold low or trough aloft. The cumulonimbus
clouds are not of the giant variety found in the tropics and midlatitudes where tops reach
50,000 ft (15.2 km) or higher. Lightning and/or thunder has been observed in the Aleutians
with cloud tops at 10,000 ft (3 kin). Effects on the ground resulting from convective cells
are also less dramatic compared to more southerly regions. Strong winds, heavy downbursts,
and heavy precipitation are usually not observed.

3.2.4 Temperature

The modifying influence of the water surrounding the Aleutians causes air flow in
cold winter surges to be warmed as the air moves over the water. Conversely, warm air
moving northward is cooled due to the loss of heat to the colder water. This event results
in a relatively small annual temperature range. Winter temperatures are near or slightly
below freezing, and summer temperatures rarely exceed 65 *F (18 "C). Average temperatures
show little variation from the Alaska Peninsula out to Adak, during winter, but then drop
by 7 to 12 F 0 (4-6 C 0) westward along the island chain to Nikol 'shoe in the Commander
Islands. During May through October little longitudinal variation in temperature occurs
along the entire chain.
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* 3.2.5 Humidity

Relative humidity along the chain is high in summer with values of 90% or more about
50% of the time. In winter relative humidity is also high, especially during frequent storm
episodes. The overall winter average value is close to 80%.

3.2.6 Cloudiness

The Aleutian chain is considered to be one of the cloudiest regions in the Northern
Hemisphere. More than 90% of the time broken to overcast conditions exist during the
summer; the figure improves to about 50% during the fall and winter. According to Grubbs
and McCollum (1968), "throughout the year the islands of the Aleutians experience only
2 to 4 clear days per month."

Satellite data yield some useful relationships for predicting clear sky scenarios. With
low pressure to the east giving cold surge effects, and northerly flow across the Bering
Sea, expect clear skies up to 60 n mi (Ill km) to the lee (southside) of the islands resulting
from topographical blocking. Figure 3-6 shows an example typical of such conditions on
12 April 1985. Von Karmen vortex effects, apparent to the lee of a few of the islands, indicate
that low level inversion conditions existed over those islands and that the islands protruded
above the inversion in the local area (see NTAG Vol. 1, Sec. 2C).

During winter decreased cloud cover is favored in col regions between pressure centers.
When a col region is predicted to move over a given location a partly cloudy sky forecast
can be made with some confidence.
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Figure 3-6 DMSP infrared imagery 0551 GMT 12 April 1985.
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During the summer period the location of high pressure centers is the key to cloud
cover forecasts. The high center itself and ridge lines emanating from the high tend to be
overcast in low stratus or fog. When the high center is south of the islands and flow around
the high extends over the islands into the Bering Sea, low overcast cloudiness conditions
are often found in southerly flow on the west side of the high. Clearer conditions are evident
east of the high center and particularly in northerly flow south of the island chain east
of the high center. Figure 3-7 shows an example of such a condition on 17 July 1989. Drying
of air lifted over the island chain and the normal condition of subsidence in a southward
trajectory of northerly (anticyclonic or straight-line) flow over the ocean contribute to the
clearing effect. Cloudiness reappears when flow changes from anticyclonic or straight-line
flow to flow with cyclonic curvature.

3.2.7 Visibility

July and August are the months with the poorest visibility; 30% of the time visibility
is less than 1 n mi (1.9 km) and the ceiling is less than 1000 ft. The rest of the year such
conditions occur only about 10% to 15% of the time. Fog and precipitation, frozen and
liquid, are the most common obstructions to vision. The Alaska Peninsula enjoys better
visibility than the Aleutian Island chain, especially in the interior and on the northwest coast.

3.2.8 Storm Tracks and Surface Winds

Storms generally track from southwest to northeast through the Aleutians into the Bering
Sea where eventually they impinge on the coastline of western Alaska. A secondary storm
track causes a diversion of the storm center into the Gulf of Alaska. Such storms may
originate northeast of Japan, and occasionally as polar low developments off the coast of
Siberia where they begin a trajectory to the southeast. During periods of blocking (frequently
in January and February) storms move through the islands from the south to the north,
occasionally recurving westward toward the Siberian coastline.

Winds on the islands are routinely from the north to northwest during winter and from
the southwest during summer. Actual direction varies drastically at different locations on
the islands due to effects of topography. Highest speeds, of course, are normally in association
with intense storm development during the winter. Speeds of 85 kt (44 m/s) and higher
are common on all of the islands, often exaggerated by venturi effects in gap regions and
in channels between islands. When a jet stream crosses the islands, producing winds in
excess of 50 kt (26 m/s) at tii%, S50-v'l level, low-level turbulence can be extreme, as gusty
winds reach the surface in terrain-induced eddy formations. Cancellation of flights into
Adak, as an example, is frequently caused by such effects with strong winds from the south.

The Aleutian chain is famous for intense northerly down-slope winds called "williwaws."
These winds result from a release of cold dense air that builds on the windward slopes
of the mountains and then falls and gathers momentum due to gravity on the leeward side.
Speeds of gale force and higher are common. Such winds occur most frequently in the
winter when the land is coldest relative to the surrounding water. When snow is on the
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Figure 3-7. DMSP visible imagery 1634 GMT 17 July 1989.
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. ground, intermittent gusting winds may cause an immediate deterioration in visibility as
snow is lifted and blown about. The characteristic of repetitive sequences of onset and
cessation make winds of this type extremely hazardous.

3.3 Gulf of Alaska

Weather in the Gulf of Alaska is modulated by several factors. Very important is the
warm oceanic Alaska Current that moves northward along the coast until forced to turn
cyclonically westward by the terrain of southern Alaska. The cyclonic rotation continues
so that a huge gyre is created centered near 50 to 53 'N, 140 to 145 'W throughout the
year. The relatively warm temperature of the water greatly modifies the climate of coastal
regions so that mild temperatures are generally experienced.

Atmospheric cyclogenetic events are also quite common over the gulf. The surrounding
mountainous terrain and blocking effect of the coastal area significantly affect weather
systems that are forced to slow down from previous speeds over open water. Occasionally,
cyclone centers appear trapped over the gulf and linger before being forced to move onshore,
or simply dissipate in place, having spent much of their life cycle in the region. It is also
the site of significant cyclogenesis, often occurring when cold, winter surges plunge
southward into the region and merge with warmer air coming up from the south. The cold
continental climate of interior Alaska is felt at times in coastal regions, especially in mountain
gap areas where cold dense air is accelerated with jet stream force from land to the offshore
waters.

3.3.1 Precipitation

Precipitation is maximized along the coastal regions and averages from 30 to 60 inches
(76-152 cm) annually with some individual locations recording as much as 231 inches
(587 cm) (Grubbs and McCollum, 1968). Heaviest precipitation occurs during the fall and
winter when all observations report precipitation 15% to 30% of the time-again, tending
to be much heavier along the coast. Frozen precipitation occurs most frequently further
north in the Anchorage, Homer, Kenai, and Valdez areas, for example; but even in January,
most of the precipitation over the gulf is in the form of rain or wet snow. These conditions
do imply a serious aircraft icing hazard at low altitudes. The driest conditions in the gulf
occur May through August. However, occasional cyclone activity still brings 8 to 12 days
per month of significant rainfall to coastal regions, lessened considerably in terms of
frequency and amount in the middle of the gulf.

3.3.2 Snowfall and Snow Cover

Snowfall occurs fairly frequently during fall, winter, and spring. Amounts can be heavy
in coastal regions and along frontal zones and low pressure regions. Snow depths along
the coast generally average from 2 to 3 ft (I m), but commonly drifts of 6 ft (2 m) or
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higher are found in local areas. Because of the relatively mild temperatures snow is often
of the heavy, wet variety, which does not attain great depth and frequently melts completely I
even in the middle of winter or during periods of rain. Heads of inlets and other protected
areas may experience especially heavy snowfall; snow cover at Valdez is among the greatest
for sea level stations worldwide. Heavy snowfall and avalanches commonly occur in the
mountainous terrain (the "wall") surrounding the gulf. Snow is a rarity in the gulf from
June through September.

3.3.3 Thundershowers

Because of increased offshore activity in and around the Gulf of Alaska, thundershower
sightings appear to be more common than hitherto perceived; they also occur frequently
along the coastal mountain ranges that surround the gulf. In winter cold air moving
southeastward over the gulf from western Alaska gathers much moisture that is actively
released in thundershowers when the air is uplifted over the mountains of southeastern
Alaska. "Sea breeze fronts" will also produce thundershowers along the gulf coast, especially
when coupled with a slight upper level short-wave feature. Frontal thundershowers are com-
mon in extreme southeastern Alaska especially during the summer months. Also, with
easterly 700-mb flow, thundershowers can be advected from British Columbia into the
southeastern Alaska region. Coastal thundershowers in this area are normally accompanied
by low ceilings, heavy precipitation, and violent or gusty surface winds, in contrast to much
more benign conditions experienced in thundershowers over the Aleutians and Bering Sea
where vertical development is suppressed.

3.3.4 Temperature

The mean air temperature in the central gulf ranges from about 41 'F (5 0C) in January
to 55.4°F (13'C) in August. Coldest temperatures are found along the coast of Alaska.
Figure 3-8 shows the mean air temperatures and frequency of days with below 32 'F (0 'C)
readings during January. The August temperature distribution is shown in Fig. 3-9. The
winter continental effect is drastic. It implies that on an average winter day a ship entering
Cook Inlet would experience an outside air temperature of 35.6 °F (2 °C). A few hours
later on arrival at Anchorage the temperature would drop to 17.6 'F (- 8 °C). Add to this
a northeast wind of 16 kt (8 m/s) and a wind chill of -20.2°F (-29°C) would be
experienced. This is not an uncommon event!

3.3.5 Humidity

Relative humidity over the gulf is highest in the early morning and lowest by midday.
It increases again with nightfall. Coastal areas show the greatest variation, being subject
to episodes of relatively dry offshore flow. Cold interior air holds vwry little moisture, hence.
when north or northeast winds blow offshore, very low humidity results.
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. 3.3.6 Cloudiness

The Gulf of Alaska, like the Bering Sea, is a very cloudy area throughout the year.
Fall tends to be the period of least cloudiness in the central gulf, but even then 70% or
more of all observations indicate five-eighths or more of low cloud coverage. During summer,
close to 90% of all observations indicate five-eighths or more of low cloud coverage. The
upper level ridge axis has an excellent correlation with the eastern edge of the sea stratus
over the gulf. Forecasters can track the ridge advancement and hence, track the stratus
edge. Coastal locations fare better because of occasional periods of offshore flow. In such
areas clear to scattered cloudiness days are fairly frequent. Grubbs et al. noted that "along
the coastal sections, most of the days are either clear or overcast, with broken skies occurring
only infrequently." Much of the cloudiness in the gulf is due to low pressure systems that
regularly find their way into this area.

Cloud bases in the gulf are normally higher in summer than in winter. Unlike the Bering
Sea, cloud tops often extend to very high altitudes.

3.3.7 Visibility

The best visibilities in the gulf occur during the fall. Combined climatologies of ceilings
less than 300 ft and/or visibilities less than 1 n mi (1.6 kin) indicate poorest conditions
in the central gulf and generally marked improvement in coastal regions. Such conditions
prevail about one-third of the time in the gulf and only 10% to 15% of the time along

0 the coast.
When winds over the gulf show a long fetch from the south, development of sea fog

and poor visibilities are optimized. Statistics from ship observations in the gulf show th.,
this relationship holds true about 50% to 60% of the time. Such winds often develop in
the region between low and high pressure centers. A typical scenario producing such effects
follows: Southerly winds move northward around the North Pacific High cell, turn south-
west into the central gulf, and then converge into a low center near the eastern Aleutians.
Fog and low stratus are observed in the strong southerly current over the Gulf of Alaska.

3.3.8 Storm Tracks and Surface Winds

Storms regularly track into the Gulf of Alaska from the region south of the Aleutians
and extend westward as far as the Kuril Islands. On occasion (notably during the summer)
storms may move into the region from the west-northwest, crossing into the area from the
Bering Sea after moving southward across the Alaska Peninsula.

The barrier effect of the mountains bordering the Gulf of Alaska act to impede the
further movement of storms that often "stall-out" in the Gulf. When this occurs the analyzed
pressure gradient along coastal southeastern Alaska is not a reliable indicator of actual
wind speeds in those regions. As a result, National Weather Service (NWS) forecasters

at Anchorage double the wind speed normally expected from a given gradient to arrive
at more realistic estimates of actual values.
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Another important phenomenon occurring along the south coast of Alaska as a result
of the mountains is the "mountain gap" wind. Especially strong winds roar through the 1
mountain gaps and offshore at the Copper River exit near Cordova (50.3 'N, 145.7 °W);
at Icy Bay (50'N, 141.7°W); at Yakutat Bay (49.5 ON, 140°W); at Dry Bay (59.2°N,
138.3 °W); and at Cross Sound near Cape Spencer in southeastern Alaska. Many other
gap winds are present in the numerous channels in Southeast Alaska; terrain primarily
dictates the weather along the eastern gulf coast and inland waters. Further west strong
winds, as a result of mountain effects, occur through the Kamishak Gap at the entrance
to Cook Inlet and through Shelikof Strait between Kodiak and the Alaska Peninsula (see
related case study in Section 6.4). Winds in Shelikof Strait from the northeast or southwest
are usually 4 times the gradient across the strait. A 4-mb gradient produces 16-kt (8 m/s)
winds. For the Kamishak Gap, with low pressure in the Gulf of Alaska, the pressure differ-
ence between King Salmon and Kodiak or Homer is multiplied by 6 to get an estimate
of the strength of the northwesterly Kamishak Gap wind. As an example, a 6-mb difference
would be expected to produce a 36-kt (19 m/s) northwest wind through the gap. Several
of the bays along the Alaska Peninsula are also known for strong northwesterly gap wind
effects.

When temperatures are below freezing these gap winds can cause severe structural
icing on ships in the region. An oil rig in Kamishak Bay suffered an unusual accumulation
of structural icing during one significant event. Fishing vessels, especially those of 60 ft
(18 m) or less are severely troubled by combined waves of 6 ft (2 m) or more. When icing
and high winds exist at the same time such vessels are in extreme danger. (Chapter 7 of
this guide describes an example of a ship lost with all onboard because of this problem.)
A local rule to reduce superstructure icing is to "run with wind." Better yet, if at all possible,
seek immediate refuge in sheltered bays or harbors. When available the immediate lee of
an island often provides a topographical blocking effect, which reduces both winds and
sea state. The leesides of the Barren Islands in the Kamishak Gap, for example, often have
a reduced sea state during strong northwest wind events. The reduced sea-state effect extends
from the immediate lee of the island more than 60 n mi (111 km) southeastward out into
the gulf.

One of the problem forecasts in the Gulf of Alaska concerns the rapid development
of atmospheric waves along a north-south oriented cold front. (This is also true of such
fronts during blocking episodes in the Aleutian region.) Such developments are normally
not captured in numerical forecast products nor in synoptic analyses until after develop-
ment. By this time ships in the region, not being forewarned, may already be in trouble.
The key method to detect and monitor such developments are high quality satellite images
received at least every 3 hr. Figure 3-10 shows an example of a north-south oriented front
in the central Gulf of Alaska on 23 February 1991 at 0753 GMT. Figure 3-11, over the
same area on 24 February at 0505 GMT, less than 24 hr later, reveals four wave developments
along the front. Significant weather including heavy rain, strong winds, wind shifts, out-
of-phase wind, and swell waves are associated with such developments. The especially
dangerous factor is that such waves can intensify further into significant cyclones in a short
time interval, giving little time for adequate warning.
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Figure 3-JO. DMSP infrared imagery 0753 GMT 23 February 1991.
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Figure 3-11. DMSP infrared imagery 0SOS GMT 24 February 1991.

3.3.9 Gulf of Alaska Ice

Winter temperatures of the water in the gulf are between 35 and 45 'F (+ 2 and + 7 'C),
and the area is ice free except in near coastal regions during the entire winter. Summer
temperature of the water varies from 50 to 55 'F (10- 13 'C). For details see Section 2.2.6).
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4. BASIC WEATHER REGIMES
OF THE ALEUTIAN ISLANDS

The Aleutian Islands have two distinct weather regimes: one for the western Aleutians
and one for the eastern Aleutians. Material describing typical seasonal synoptic patterns
occurring in the western Aleutians was adapted from the "Local Area Forecaster's Handbook
for Adak Alaska." Material describing nine weather regimes typically occurring in the eastern
Aleutians was adapted from 11 th Weather Squadron Pamphlet 105-5 (March 1990).

4.1 Western Aleutians

The forecaster's handbook for Adak Alaska contains a description of four winter-type
situations and one each for the spring, summer, and fall, as noted by forecasters at that
location. The material includes a discussion of specific weather effects at Adak, much of
which is also germane to other islands of the Aleutian chain. It is additionally noted that
most of the weather patterns described could occur at any time of the year but these effects
are more frequently encountered during the specified seasons. The winter storms are listed
in order of greatest frequency of occurrence.

It is noted that:
"Proper forecasting of the onset of any of the deep cyclonic storms of the

winter season depends on the effective correlation of the surface chart, upper air
charts, and satellite photos of the areas concerned. Falling surface pressure, wind
shift, increase in wind speed, and precipitation occur almost simultaneously. The
storms which originate off the coast of Japan, being warm frontal type occlusions,
are preceded by warm frontal types clouds and large scale warm air advection
aloft. These signs first appear 12 to 24 hr in advance of the falling surface pressure
and accompanying weather; however, the usual prevailing low cloudiness often
prevents the observation of the approaching warm frontal type clouds. There are
not any advance clouds or warm air advection aloft ahead of the cold type occlusions
which move out of Siberia into the Aleutian region. Forecasting the approach of
this situation is dependent upon a complete review of the surface chart, surface
and aircraft reports to the west of Adak, together with the upper air charts and

* satellite photos."
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4.1.1 Type I Winter Low 4
Figure 4-1 shows the Type I winter low synoptic situation. This configuration is most

frequently encountered during January through March when "deep, strong lows (pass) south
of or directly over Adak moving easterly and recurving northeasterly into the Gulf of Alaska."

Type I lows follow the main storm track that begins to the east of Japan, where the
lows form, and extends northeastward passing south of Shemya and Adak, then eastward
into the Gulf of Alaska, where the lows recurve to the northeast. These lows develop and
deepen considerably as they approach Adak. As they near Adak, they slow in movement
and bring strong southeasterly to easterly flow over Adak. The fronts in Type I lows are
fully occluded and cause considerable snowfall at Adak. The amount of snowfall is generally
not heavy by most standards; however, the high winds associated with these storms cause
drifting and blowing snow, which greatly reduces visibility and hampers aircraft operations.
As these lows gradually leave the local area, they pick up speed and move into the Gulf
of Alaska at 20 to 30 kt (10-15 m/s) where they stagnate and eventually die out. Occasionally
these lows recurve abruptly to the north, moving into the Bering Sea just east of Adak,
where they frequently stagnate for periods of up to 4 days resulting in northeasterly winds
up to gale force in the Adak area. This situation is particularly detrimental to Adak in that
a strong northeasterly swell entering Kuluk Bay and Sweeper Cove (both of which open
to the northeast) seriously hampers or halts ship operations.

%I

Figure 4-1. Type I winter low synoptic situation.
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4.1.2 Type II Winter Low

Figure 4-2 shows the Type II winter low synoptic situation. Type II lows form to the
west and southwest of Adak and then move northerly into the Bering Sea passing to the
west of Adak.

Type II lows initially follow the main storm track east-northeastward from Japan. but
when these lows are 500 to 800 n mi (925-1500 km) southwest of Shemya, they begin
to move northward. As they move northward into the Bering Sea and pass to the west of
Adak, clear cut frontal passages are observed at Adak. These storms consist of a sharply
bent back, warm frontal occlusion centered in a deep low. The precipitation associated
with these fronts is generally mixed rain and snow or wet snow, during the southerly flow
associated with this synoptic situation. Precipitation ahead of the surface occlusion consists
of light snow and rain, becoming moderate or heavy as the upper cold front approaches,
and then ceasing after passage of the upper cold front. Drizzle and light rain is often
encountered behind the surface occlusion or warm front. Temperatures rise, and much of
the fallen snow melts, particularly if the southerly to southwesterly winds are high. After
passage of the cold front, which is never as clearly evident as a cold frontal passage at
a continental station, the winds veer to the west or northwest. These lows usually pass
to the west of Adak and move northward into the Bering Sea. Once into the Bering Sea,
the lows either continue moving northward or recurve to the east or northeast and begin
to dissipate as they reach the Alaskan mainland.

Figure 4-2. Type II winter low synoptic situation.

4-3



4.1.3 Type III Winter Low

Figure 4-3 shows the typical Type IL winter low synoptic situation. Type In lows occur
infrequently. The Type III low is a variation of the Type I low, which, having passed Adak,
begins to curve in a counterclockwise direction across the Aleutian chain and eventually
recurves over Adak again. This type of low will tend to move very slowly after it has passed
Adak and moving toward the east. It will stagnate and begin moving erratically, but in a
general northwesterly direction. The second passage of this type is usually not as violent
as the first passage, since the fronts associated with the system usually continue moving
eastward out of the low center. These storms can stagnate for periods up to 4 days, and
the associated strong winds, usually northeasterly in direction, generate a strong northeasterly
swell that greatly hampers ship operations in Sweeper Cove, which opens to the northeast.
Snow occurs with the greater majority of these storms, but as this type of low stagnates
east of Adak, the precipitation becomes drizzle or very light rain. However, the precipitation
is not heavy enough nor the temperature high enough to melt any appreciable amount of
snow on the ground. Rather it adds to the weight of the snow and increases snow removal
problems. If the system is very slow moving after passing Adak, it is likely to be a stagnating
and retrograding low.

Figure 4-3. Type III winter low synoptic situation.

4-4



. 4.1.4 Type IV Winter Low

Figure 4-4 shows the typical Type IV winter low synoptic situation. In the Type IV
configuration high pressure areas form to the east of Japan and become sandwiched between
two low pressure centers. This development causes the high to move slowly over Adak,
with the best weather generally found in the eastern half of the high.

Type IV situations are infrequent and difficult to forecast. When high pressure ridges
from either the Siberian or Alaskan mainland occasionally push into the Bering Sea, the
time is favorable for formation of a high over Adak. High pressure areas that form to the
east of Japan occasionally push northward and eastward, sandwiched between two low
pressure systems, eventually passing slowly over Adak. The best weather in these highs
is generally found in the eastern half of the high.
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4.1.5 Winter Variations

In addition to these four main types of weather situations several other situations are
worthy of mention. Once or twice during the winter a low center will move into the Pacific
out of Siberia, passing north of Hokkaido. Usually the cyclonic center will stagnate north
of Shemya, and the Aleutian chain as far east as Adak will experience the passage of a
sharply bent cold-type occlusion. The pressure pattern shows packing of the isobars ahead
of the occlusion, bringing winds in excess of 65 kt (33 m/s). The precipitation pattern consists
of heavy snowfall at the time of the occluded frontal passage and frequent snow showers
behind the front. Also of importance is the formation of active waves on the cold front
trailing occlusions. Frequently these active waves will form over the ocean region to the
southwest of Adak, intensify swiftly, and move onto the Aleutian chain with little warning.
On the back (west) side of lows after they have passed to the east of Adak, Adak experiences
northerly to northwesterly flow and scattered to broken clouds accompanied by scattered
snow showers. These conditions occasionally last for 2 to 3 days at a time.

4.1.6 Spring Pattern

Figure 4-5 depicts a typical spring (April-June) synoptic pattern. The following
paragraphs describe some observations valid during the spring season.

"lOwl
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Figure 4-5. Synoptic situation for spring season.

4-6



(1) The spring season brings a gradual transition from the strong, high index, east-
west orientation flow of the winter season to a weaker north-south flow. Ridges
of high pressure frequently extend northward from the Pacific High cell into
the Bering Sea. Frontal waves occlude rapidly, and deep storm centers are the
main synoptic development. Movement of these low centers is much slower than
during the winter season and is generally more northeasterly, becoming north-
northeasterly as the spring season progresses. The systems that form off the east
coast of Japan during the spring season usually pass just east of the Kamchatka
Peninsula into the Bering Sea area.

(2) The waves that form along the front between the two cells of the split Pacific
High seldom affect the Adak area, generally passing well to the south or southeast.

(3) As the frontal waves occlude, the deep storm centers tend to stagnate, and the
associated frontal systems continue to move around the periphery of the low until
they reach a point east or southeast of the center where frequently a new center
will form. This center, along with the fronts, then moves eastward and in turn
stagnates. The fronts, however, continue eastward, and frequently a third center
will form by the same process.

(4) During the spring season two main storm tracks affect the Aleutian chain. The
more important track is from the east coast of Japan, passing west of the
Kamchatka Peninsula and into the Bering Sea. Surface winds of 40 kt (21 m/s)
and gusts to 60 kt (31 m/s) are often recorded along the Aleutian chain as the
storms move over this track. Since most of the Aleutian chain is east of the storm
center, the winds are generally southerly in direction. Frontal passage of a sharply
bent back, warm type occlusion occurs along the Aleutian chain with surface
wind maximums recorded before the passage of both the upper cold front and
the surface warm front. Precipitation in the form of rain occurs and reaches
a peak during the passage of the upper cold front, after which the precipitation
changes to drizzle and fog and the sky lightens considerably. After passage of
the surface warm front, winds veer southwesterly and rapidly drop to 20 kt
(10 m/s) or less. After entering the Bering Sea, the storm center usually will
drift slowly eastward, and a packing of the isobars will result in high westerly
winds to the south and southwest of the storm center. Winds generally will reach
up to gale force in this sector. Often these storm centers will drift northeast into
the Bering Straits or Norton Sound rather than east along the Aleutian chain,
and in this case the high westerly winds do not occur.

(5) The second important storm track extends from Siberia across the southern tip
of the Kamchatka Peninsula and along the Aleutian chain, usually just north
of the chain. These storms are not particularly deep as a rule, and the associated
frontal system is generally in the form of an open wave or a cold type occlusion.
Precipitation associated with these storms is either rain or mixed rain and snow.
Surface winds seldom exceed 30 kt (15 m/s). These storms generally move east
along the Aleutian chain and fill fairly rapidly.

(6) Each spring several storms form on the trailing cold fronts of the storms that
have passed into the Bering Sea area. These storms generally form in the area
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southwest of Adak and cross the Aleutian chain as an open wave. During the
spring season this type of development does not present as severe a problem
as during the winter months, and the main weather consists of the rainfall
associated with the fronts.

(7) A frequent occurrence in spring is the combination of a complex low elongated
north and south with a blocking high to the east. The resulting isobaric pattern
produces a band of high winds with velocities up to 40 kt (21 m/s). This band
frequently is 40 n mi (75 km) or more in width and 1200 n mi (2225 km) or
more in length. The flow is south to north or southeast to northwest and brings
very warm, moist air over the cold waters of the Aleutian area, resulting in
overcast skies with ceilings of 1000 ft or less and intermittent light drizzle. This
situation may persist for 48 hr or more.

(8) In general the spring storms give more advance warning than do the storms of
the winter season. Falling pressure and a shift of the wind usually occur 8 to 12 hr
before the precipitation and high winds begin. Warm air advection aloft and
typical warm frontal cloudiness also forewarn the forecaster of the approaching
warm frontal occlusion. However, as in all seasons, the prevailing low cloudiness
of the Aleutian area usually prevents the observation of the higher warm frontal
clouds.

4.1.7 Summer Pattern

The synoptic pattern shown in Fig. 4-6 is one of two summer regimes; one is of weak
lows as shown and the other of weak ridges. The major summer problem is fog forecasting.

(1) Although fog occurs on an average of 151 days a year, it occurs most frequently
during the months of June through September. The weather maps of the summer
season show the Adak area dominated by weak lov centers and weak ridges
for long periods. The fog in the Aleutian area is mainly the advection type, formed
either south of the chain or in the Bering Sea by warm, moist air being imported
from tropical waters to the cooler waters in the Northwest Pacific and Bering
Sea by elongated pressure systems; the fog is then advected or blown in by local
winds. Conversely, cooler air from Asia or the Arctic basin is not conducive
to fog formation.

(2) Fog occurs approximately 32% of the time (32 out of 100 hr) at the Naval Air
Station, Adak, with a higher percent frequency on the surrounding waters. The
fog will generally occur during the early morning hours and lift by early after-
noon, except in cases of unusually intense fog or fog associated with passing
frontal systems. Because of the rugged terrain of Adak and the relatively high
average wind velocity, the visibility seldom drops below 3 mi (5 kin).

(3) Whereas this fog is caused by advection, the relationship of surface winds to
topography is of primary importance. It has been noted that 47% of all fog
occurring on the Naval Air Station, Adak, is accompanied by winds from a west-
to-southwest direction (the prevailing winds during this period). One can expect
that winds blowing from this direction will be accompanied by fog at least 36%
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Figure 4-6. Synoptic situation for summer season.

of the time. Winds from the north to northeast result in a little over 20% of
Adak's fog and indicate fog in the Bering Sea. A little more than 29% of the
winds from this direction will advect fog over the island. Winds from the southeast
to south are the third significant source of wind direction (about 14% of the
total Adak fog). These winds will be accompanied by fog 35 % of the time. About
18 % of Adak's fog will occur with all other wind directions and calm winds.
Fog on Adak can also occur with wind speeds of up to 20 kt (10 m/s) if the
wind is from the west to southwest.

(4) Whether the curvature of the isobars at the surface is cyclonic or anticyclonic
over Adak is not important since this is an advection fog, although it will be
important in the source area. Fog will occur at Adak with both types of curvature.
More important is the isobaric pattern and the source of air being advected over
the island. The most severe fog conditions occur on the west side of anticyclones
or in advance of warm fronts.

(5) Winds from the south to southeast will normally leave the field with a 500- to
1000-ft ceiling because of the terrain, even if fog banks are present south of
Adak. Fog associated with these wind directions is normally of the frontal type.
The fog over the water will usually be advected ashore in the form of stratus,
causing a significant number of low ceilings at the approach end of instrument
runway 23. The remainder of the field has fewer low ceilings because of terrain
features.
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(6) Winds from the southwest to west associated with the anticyclonic circulation
from a high pressure center located south of Adak and having a moderate to
long over-the-water trajectory are conducive to fog formation. When advected
over the station, these winds are usually accompanied by light drizzle or light
rain. With velocities in access of 25 kt (13 m/s), the fog will be patchy and the
ceilings will be variable, but generally near 100 ft. With velocities of less than
10 kt (5 m/s), the fog will frequently remain on the seaward side of the low
hills to the west of the runways. Winds from these directions will not advect
fog over the station when the source of air is the Asian Continent or the Arctic
basin.

(7) Northwest winds do not frequently occur over the Naval Air Station at low speeds
because of the blocking effect of Mount Moffett. However, a northwest flow
over the island will usually be associated with good ceilings since the source
of air will probably be the Asian Continent or the Arctic basin.

(8) To forecast fog associated with north-to-northeast winds, one must be able to
forecast fog in the Bering Sea. An isobaric pattern that 6rings warm, tropical
air into the Bering Sea and causes northerly winds over Adak will result in fog,
which is occasionally very intense.

(9) A close scrutiny of the topography to the east of the island will show why little
fog, except frontal fog, is associated with winds from easterly directions.

(10) The paths and weather associated with cyclonic storms during the summer season
closely parallel those found during the spring months, though frequency of
cyclonic storms falls off during July and August. On occasion, late in the season,
a fairly strong storm, which originates as a recurving tropical storm, will affect
the Aleutian area (also see discussion on fall weather). The characteristics of
these storms are the same as those of the storms that originate off the coast of
Japan, as described in the spring season. Particularly, the storms are associated
with heavy rainfall and southerly winds with peak gusts to 65 or 70 kt (33 or
36 m/s). One problem is determining exactly when they will begin to move with
the 500-mb flow. Satellite photos are an invaluable aid to prediction. Forecasting
the summer cyclonic storms follows the same general rules as forecasting for
the spring season.

4.1.8 Fall Pattern

Figure 4-7 shows one of the typical synoptic patterns observed during fall (October-
December). The following paragraphs describe some observations valid during the fall
season.

(1) In general the fall season in the Aleutian area is similar to the winter season.
The cloud forms are predominantly cumuliform, accompanied by frequent
periods of extremely squall-like weather. Electrical activity, not generally com-
mon in the Aleutian area, is observed during this season particularly in October
and early November. Although only a few observations of lightning or thunder
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Figure 4-7. Synoptic situation for fall season.

at Adak havc been reported, scattered cumulonimbus are frequent during this
season.

(2) The fall season is characterized by cyclonic circulation with the passage of one
deep cyclonic storm after another through the Aleutian area. In the winter seasons
these storms stagnate in the Aleutian area, however, during the fall they move
through the Aleutian area and stagnate against the Alaskan mainland or in the
northern reaches of the Bering Sea. The 'And flow around the low centers brings
cold air from the mainland of Siberia or Alaska across the Bering Sea and the
Aleutians, resulting in squall-like weather.

(3) The surface winds during these squall-like periods often are northwesterly at
35 to 40 kt (18-21 m/s), with gusts of 60 to 70 kt (31-36 m/s) for as long as
4 or 5 days. Precipitation is usually heavy with rain or mixed rain End snow
in October, becoming snow, usually in the form of snow pellets, in November
and December.

(4) Ceiling and visibility in the snow showers drop to zero. The showers generally
last from 10 to 20 min, and sky conditions are scattered to broken for 30 to
60 min between showers. This brief restriction to ceiling and visibility has only
a temporary effect on air operations, but the sustained high velocity winds from
the northwest, resulting in dangerous cross runway flow over both runways, can

O prohibit the use of the field for extended periods.
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(5) A second weather feature peculiar to the fall season is the large number of deep
cyclonic systems that move out of Siberia north of Japan and into the Aleutian
area. As the system moves out of Siberia over the Sea of Okhotsk, the cooler
air passes over warmer water causing intensification of the system. Also, tropical
air moving around the western side of the Pacific High enters into the system,
and further intensification occurs as the system moves across the Kamchatka
Peninsula and into the Aleutian area. Frequently one of these lows from Siberia
will merge with a low from Japan or with a wave formation moving up the cold
front trailing the main low center. This type of development will form a very
deep and complex system. Generally these systems move across the Bering Sea
north of the chain. Winds in advance of the system may reach 40 to 50 kt
(21-26 m/s). Behind the system the winds are usually gale force accompanied
by the squall-like weather described. Occluded frontal systems are usually of
the cold type. Precipitation occurs along the fronts: generally rain in October,
and snow in November and December. If Adak enters the warm sector of the
system, considerable melting may occur, which will freeze after the passage of
the cold front.

(6) Forecasting the onset of the squall-like condition typical of the fall season is
dependent upon forecasting the continued movement of a deep low system to
a position so that the Aleutian area will be in an air flow originating over either
the Siberian or Alaskan mainland. To forecast this movement it is necessary
to know the storm's maturity and the general surface pressure pattern, and to
have the pressure tendency reports from stations in the Aleutian chain and along
the west coast of Alaska. Generally the low center will move directly through
the Aleutian area at 20 to 30 kt (35-55 km/hr), although stagnation and recurva-
ture typical of the winter season may be expected in December.

(7) Particular attention must be paid during extended periods of northwesterly flow
to trough lines, which will bring snowfall and accompanying low ceilings and
visibilities for longer periods than during the typical showers. The movement
of these troughs is indicated by wind shifts and a slight pressure drop and rise.

(8) Forecasting the end of this situation is more difficult. The end of the situation
is usually caused by the filling of the old low as it moves eastward accompanied
by the movement of either a high or another low center into the area from the
southwest. If a high pressure system or ridge moves in behind the filling low,
the wind will remain strong and from the northwest at stations on the Aleutian
chain. If another low moves into the area, the wind can be expected to decrease
in velocity temporarily and gradually back to a southwesterly direction.

(9) Forecasting the approach of a deep low pressure system moving out of Siberia
into the Aleutian area is dependent upon knowledge of the surface winds and
weather to the west of Adak and a proper correlation with the upper air flow.

(10) On about one occasion each year in the fall, a storm with tropical origins will
affect the region. Forecasters tracking an cx-tropical storm in the area should
be alerted to the possibility of high winds and heavy precipitation amounts. Exten-
sive flooding has occurred in the region during previous encounters with this
type of storm. These storms are relatively easy to track using satellite imagery.
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. 4.2 Eastern Aleutians

During World War II the Air Force maintained many stations throughout the Aleutians
including Adak, Shemya, Amchitka, Umnak, Atka, Cold Bay, Port Heiden, King Salmon,
and others. Air Weather Service forecasters gained a wealth of experience concerning weather
in the Aleutians, and they maintained an active program to document this experience for
the benefit of forecasters to follow. Much of this experience can be found in 11 th Weather
Squadron Pamphlet 105-5 (March 1990), which summarizes the nine weather regimes typical
of that area. The regimes were developed and refined based on years of Aleutian and Alaskan
forecasting experience and are shown in this section directly derived from that pamphlet.

4.2.1 Strong Ridge South and Southwest Flow Regime

Figure 4-8 is an illustration of what is termed the "strong ridge south-southeast flow
regime," pattern. Listed below is a description of typical upper air and surface conditions
found in this type of regime.

Upper Air (above 850 mb). A very strong, stable ridge pattern aloft exists northward
through western Canada into Yukon territory. This pattern can remain more than a
week and occurs 6 to 12 times a year, mainly in the warmer half of the year.

UPPER LOW POSITION

"" ~DISSIPATES
IN PAHANDL

Figure 4-8. Strong ridge south-southeast flow regime.
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Surface. Surface lows tend to stay to the west of the mainland usually over the
Aleutian Islands and Bering Sea.* A second low pressure track through the Gulf
of Alaska dissipates near the Panhandle region'** When the south or southeasterly
flow aloft across the mainland is strong (40-60 kt or 21-31 m/s), gusty surface
winds can be expected in south central Alaska and significant turbulence over the
Chugach and Alaska ranges. A weaker flow (< 25 kt or 13 m/s) produces summer-
time thundershower activity over the interior.

Forecaster notes from King Salmon (PAKN) with respect to this regime are listed below:
"This regime is an important weather producer for King Salmon, especially in terms

of warming criteria winds. The upper level jet stream will normally track over the area
as the surface low moves into the Bering Sea or Bristol Bay. Progging the track of the jet
is most important. Usually, Cold Bay and Port Heiden will experience strong winds before
PAKN. Ceilings and visibilities will lower as the front moves through. PAKN has experienced
winds of 50 kt (26 m/s) during this regime."

* Many west coast lows remain weak. The "strong" west coast storm regime is discussed

in Section 4.2.2.

** Associated occluded fronts approaching the west coast weaken as they move northward.
Gulf of Alaska occlusions tend to dissipate inland as they move northward over the Alaska
Range. Shower activity can be expected ahead of the occlusion before it dissipates.
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* 4.2.2 Moderate to Strong Southwest Flow Regime

Typical upper level atid surface conditions associated with the moderate to strong
southwest flow regime are illustrated in Fig, 4-9. Regime attributes are listed below.

Upper Air (above 850 mb). This moderate to strong southwest flow pattern aloft
across Alaska is the most widespread precipitation producer of all the regimes.
Although mainly a fall and winter season phenomenon, it occurs during all seasons,
about 10 times a year.

Surface. Since the jet stream crosses Alaska, low pressure tracks traverse the Bering
Sea into the state, or they curve into the upper low usually northwest of Barrow.
Once or twice a year, during autumn, western Bering Sea surface lows can develop
into deep powerful storms. As the system tracks northward across the eastern tip
of Siberia, associated very strong winds and rain cause coastal flooding along
portions of western Alaska. Another low pressure area redevelops south of the
Alaska Peninsula and tracks northeastward across the Gulf of Alaska. Even though
low pressure systems tracking into Alaska usually dissipate once they make land-
fall, the associated frontal systems and precipitation bands continue northeastward
through the state.

REDEVELOPSIN'••

WESTERN GULF OF ALASKA

Figure 4-9. Moderate to strong southwest flow regime.
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Forecasters at King Salmon note: "This system can also produce gusty winds. If the
surface low crosses the Alaska Peninsula, expect gusty easterly winds ahead of the front
and extensive periods of low ceilings and visibilities after frontal passage. If the low passes
south of the area, however, ceiling and visibility conditions will not be as poor."

4.2.3 The Fair Weather Regime

The fair weather regime is illustrated in Fig. 4-10. Listed below are the attributes of
this regime.

Upper Air (above 850 mb). A sharp north-south-oriented ridge of high pressure
along or west of Alaska's west coast sets up a stable cold fair weather pattern across
the state. This is mainly a winter season phenomenon occurring 3 to 6 times a
year. If a low aloft develops over the eastern Gulf of Alaska, the resulting "omega
block" situation can remain 1 to 2 weeks. During February 1979, it persisted the
whole month bringing record-breaking cold to much of the state.

Surface. Surface lows tend to remain over the western Aleutians and western Bering
Sea and track into Siberia. Any weak surface lows forming in the Gulf of Alaska
will move away from the mainland. At times, an upper level low will form in the

WEST OF ALASKA,/

1b ........

,.•.. DEVELOP IN GULF
ALASKA AND MOVEA¥

Figure 4-10. Fair weather ridge regime.
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eastern Gulf of Alaska and support development of a stronger vertically stacked
surface low. The resulting tight low level pressure gradient across southern coastal
Alaska will cause very strong northerly winds through channels and passes,
accompanied by freezing spray and clear skies.

Forecaster notes from King Salmon indicate that, "this is a very cold weather regime
for most of Alaska. PAKN must remain on the eastern side of the ridge line to experience
cold, clear weather. Otherwise, with Bristol Bay virtually unfrozen, moisture from onshore
flow will cause IFR (instrument flight rules) conditions to occur under a strong subsidence
inversion."

4.2.4 Broad Long-Wave Trough

The broad long-wave trough regime is illustrated in Fig. 4-11. Characteristics of this
regime at upper and lower levels are described below.

Upper Air (above 850 mb). This broad but weak north-south long-wave trough
pattern aloft over Alaska is a rather common feature. It develops a dozen or more
times a year, mainly during the winter. Winds aloft are cyclonic but light. More
often than not, the trough line remains nearly stationary, or eventually retrogrades

t;WEAK SURFACE LO•
IN EASTERN GULF

figure 4-11. Broad long-wave trough regime.
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westward. Once established, this broad trough type flow pattern tends to remain
a week or more.

Surface. Surface lows tend to be restricted to the eastern Gulf of Alaska and track
inland, redeveloping in the Yukon Territory. Weather over Alaska is unsettled to
the east of the trough line with rather disorganized areas of clouds and precipitation
and very little riovement. West of the trough line, weather conditions are
predominately VFR (visual flight rules). A secondary low pressure track across
the Arctic Ocean is of little consequence south of the Brooks Range.

Forecasters at King Salmon note: "If PAKN remains west of the trough, good weather
should persist. Should the trough begin to retrograde, check the weather at stations ILI,
Z30, and MCG. These stations will give an indication of the conditions associated with
the trough. Weather conditions at PAKN tend to remain slightly better than those at these
other locations, however."

4.2.5 Transient Short-Wave Low Within Long-Wave Trough Regime

The transient short-wave low regime is illustrated in Fig. 4-12. Upper and surface level
characteristics of this regime are listed below.

Upper Air (above 850 mb). This "transient" short-wave low aloft pattern in a
stationary long-wave trough regime is among the most common over Alaska. It
can occur during any and all seasons. Variations of this regime can be expected
from 15 to 20 times a year. Essentially, a small short wave upper level low or
vorticity center passes through the stationary open long-wave trough position mov-
ing from the Bering Sea toward Alaska. Most frequently, the low settles into the
Gulf of Alaska on its way eastward.

Surface. Surface weather undergoes frequent changes with passage of the frontal
system associated with each surface low pressure area. In rare instances, a "closed
isobar" surface low, accompanied by a closed low circulation aloft, may actually
traverse interior Alaska. When this happens (only 1 to 3 times a year), IFR condi-
tions in the vicinity of the low are virtually assured-especially in winter. Filling
Prince William Sound lows also occur in this regime.

Forecaster notes concerning effects of this regime at King Salmon are listed below:
"This regime will produce widespread IFR conditions at PAKN as the low moves into

the area. Poor conditions will persist until the low weakens and drifts northeastward. Since
the jet stream with this regime is usually well to the south, strong winds are normally
not a problem."
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Figure 4-12. Transient short-wave low with long-wave trough regime.

4.2.6 Polar Northeasterly Flow Regime

The polar northeasterly flow regime is illustrated in Fig. 4-13. Attributes of this regime
at upper and surface levels are listed below.

Upper Air (above 850 mb). Deep low pressure aloft over the Gulf of Alaska is
a winter season pattern. It occurs 3 to 6 times a year and remains anywhere from
4 to 7 days per episode. The resultant induced ridge of high pressure aloft across
northern Alaska produces a dry rather cold polar northeasterly flow over the whole
interior. Ordinarily, only coastal regions of southern Alaska experience any
precipitation.

Surface. Surface storms track into the Gulf of Alaska and become quite extensive
as they curve into the low position aloft before weakening. Clouds and snowfall
are restricted to areas south and east of the Alaska Range. Occasionally, "back-
door" snowfall is carried into the upper Tanana Valley from the southeast.

Forecasters at King Salmon note that "this system will produce little weather in the
PAKN area. Usually, the Arctic boundary will remain north of PAKN."
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Figure 4-13. Polar northeasterly flow regime.

4.2.7 Rapid Building North Pacific Ridge Regime

The regime called the rapid building North Pacific ridge regime is illustrated in
Fig. 4-14. Attributes of this infrequent but important region at upper and surface levels
are listed below.

Upper Air (above 850 mb). From 2 to 4 times during a normal year, a tight gradient
type ridge aloft will build rapidly northward through the Gulf of Alaska into the
state. Just as rapidly, after only 1 to 3 days, it can recede southward back into
the Pacific Ocean. Note how it differs from the fair weather ridge regime
(Fig. 4-10). Here the strong 75 to 100 kt (39-51 m/s) upper level jet stream rapidly
advects moisture from the North Pacific straight into mainland Alaska. The anti-
cyclonic curvature is unable to "dry things out" owing to the flatness of the ridge.

Surface. Although infrequent, this upper flow pattern is accompanied by a
remarkable transition in surface weather. Low pressure systems are absent, but
there is a rapid advection of moisture into Alaska, especially if the ridge amplitude
remains fairly flat. During winter it coincides with very sharp warming over the
interior. Temperature increases of 40 to 50 Fahrenheit degrees (22-28 Celsius
degrees) in 24 hr are not uncommon, accompanied by areas of heavy snow inland
and rain along the coast.
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Figure 4-14. Rapid building North Pacific ridge regime.

Forecasters at King Salmon note that "this regime may produce IFR conditions at PAKN.
Low ceiling and visibility conditions are most likely during the early morning hours. By
mid to late morning, conditions should improve."

4.2.8 No Flow Regime

The no flow regime is shown in Fig. 4-15. Its characteristics at upper and surface
levels are described below.

Upper Air (above 850 mb). Generally speaking, the jet stream remains south of
the Alaskan mainland a good portion of the year. One important case is the light
and variable or "no-flow" wind regime aloft, which can be expected over the state
10 to 20 times a year. These episodes last from 3 to 5 days. Satellite imagery is
the only useful nowcasting and forecasting tool under this regime.

Surface. Surface lows track rapidly eastward, but remain well south of the mainland.
During winter, patchy areas of clouds and snow can be found almost anywhere
in the state. Any synoptic features are ill defined at best, and sporadic precipita-
tion will occur in regions of upward vertical motion. During summer airmass type
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LOW PRESSURE TRACK REMAINS
WELL SOUTH OF MAINLAND

Figure 4-15. No flow regime.

showers and thundershowers will break out if weak divergence aloft (weak ridging)
exists.

Forecasters at King Salmon note that "this can be a very unpredictable situation at
PAKN. Check the SKEW-T and instability charts in the warmer months for possible convec-
tive activity."

Thunderstorms very rarely occur at the station but will develop in the area around
PAKN. The Arctic boundary will frequently "dip" south in the colder months; low ceilings
and light snow can be expected on its north side.

4.2.9 West Coast Storm Regime

The west coast storm regime is illustrated in Fig. 4-16. Characteristics of this regime
at upper and lower levels are listed below.

Upper Air (above 850 mb). Low pressure circulation aloft somewhere over the
Bering Sea is fairly common. About 3 to 6 times during a iypical fall-winter stretch,
such a low aloft over the west central Bering Sea will support a powerful winter
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SOR WEI

Figure 4-16 West coast storm regime.

storm tracking toward southwest Alaska. A ridge aloft over the eastern Arctic Ocean
and/or a ridge over the eastern Gulf of Alaska will then curve the storm northward
toward the Bering Strait before it eventually weakens. Note how the position of
the upper low and extent of cyclonic curvature into Alaska differs from the regime
in Fig. 4-8.

Surface. The storm at the surface normally attains its maximum intensity between
the Pribilofs and Nunivak Island. The low will then weaken as it tracks either
northward, or recurves slowly westward into the upper low while slowly dissipating.
Blizzard conditions are almost assured along the west coast in advance of the
system's northward moving occluded front. Since prevailing surface winds are
easterly (a dry interior source), snowfall is normally restricted to extreme southwest
and western Alaska.

Forecaster notes from King Salmon indicate at that location "this system can cause
heavy rain and snow. Strong winds are normally not a problem since strong ridging is absent
in eastern Alaska" (as opposed to the strong ridge south-southeast flow regime of Fig. 4-8,
when very strong winds are experienced).
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5. LOCAL THUMB RULES AND
OBSERVATIONS

The forecasters handbooks for Adak, Amchitka, Shemya, King Salmon, Cold Bay,
Port Heiden, and Kodiak were perused for local rules and observations made by forecasters
at those locations and for their thoughts on area forecasts over the entire region. These
guidelines are given below either in direct quotes or paraphrased for the purposes of this
handbook. Note that many of these rules were developed years ago and although still valid,
may be supplanted by current, reliable numerical guidance. Where numerical products are
not available, these rules will prove invaluable. Credit for this section must be given to
the many forecasters who contributed their knowledge and background in the development

O of those handbooks for the benefit of all the military forecasters to follow.

5.1 Bering Sea

Cold airmasses, both polar continental and Arctic, move into this area with regularity
during the winter months. These airmasses become unstable as they modify rapidly over
water and intense low pressure systems form on the fronts between these airmasses. Snow
squalls frequently occur with a situation of this type, and the associated cumulus and
altocumulus clouds appear as perfect thunderstorm formations although they lack the extreme
violence of such. The tops of these clouds are often observed to be as -high as 12,000 ft
(3660 m) mean sea level.

When the Pacific High advances to the north, low pressure cells and the associated
fronts move over Sakhalin Island, across the Sea of Okhotsk, over the Kamchatka Peninsula,
northeast along the Siberian coast and across Alaska. The warm fronts affect Attu, but
they do not cause weather at Amchitka.

5.2 Alaska Peninsula and Aleutian Islands

a. Under the influence of the expanding Pacific High southwesterly winds prevail
as part of the summer circulation. Having originated far to the south in the warm,
humid area of the Pacific Ocean, the air is cooled rapidly during its passage over
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the North Pacific. Becoming saturated, it gives rise to the fog and low stratus
that envelop the Aleutian liands during this season. Since vertical ' irculation
is practicaly nonexistent in such a stable airmass, only the lower levels are
influenced by the colder water surface.

b. When the Pacific High recedes to the south, an area of frontogenesis develops
southwest of Attu. The resulting waves move east-northeast and pass slightly to
the south of the Aleutian chain or over the chain, causing precipitation but no
appreciable wind velocities. Since the prevailing fog during the summer prevents
observations of cloud formations, forecasting the approach of these disturbances
becomes difficult. Pressure changes, wind direction and velocity, satellite data,
and pilot reports serve to locate the fronts fairly accurately.

c. Partially occluded waves moving in behind an old occlusion have been observed
to break up over the westernmost Aleutian Islands while the old occlusion continues
in a northeasterly direction. The young waves may regenerate and move eastward
along the Aleutians.

d. When a low pressure cell exists in the Sea of Okhotsk and a large cell of high
pressure has built up over the central Pacific and the Aleutian Islands, observations
have shown that the main storm track will ret rient itself southwest-northeast
through the western Aleutians and will cause low cells to stagnate in the Attu area.

e. Observations have shown that with the passage along the chain of a high pressure
wedge originating in Siberia (1015 mb or higher), the low pressure cell following
this wedge will deepen and slow down, causing very high winds and heavy precipi-
tation along the western end of the Aleutian Islands.

f. The Aleutia Islands have a significant impact on oceanic wave heights in the
vicinity. Wave heights can dramatically increase between the islands as the waves
are funneling through the straits and passes. However, wave heights on the leeward
side of the Aleutians are substantially diminished as the islands block the traveling
wave trains.

5.2.1 King Salmon

a. When early morning fog or stratus is present and there are very few clouds, an
increase of 4 to 60 after 15 GMT will be enough to dissipate the fog or stratus.

b. When the jet stream is not forecast to move over PAKN, pressure-gradient-induced
winds should be forecasted to "max out" near 28 to 32 kt (14-15 m/s).

c. For warning criteria winds (35-49 kt or 18-25 m/s), the jet must pass over PAKN.
Orientation is not important.

d. Gusts to 50 kt (26 m/s) are extremely rare at PAKN and should be forecasted
only when an intense system is approaching the area, the low crosses the chain
near Cold Bay, and the jet is very strong over PAKN. Even with this situation
gusts of 50 kt (26 m/s) or more will endure only 1 to 2 hr. Gusts of 38 to 45 kt
(20-23 m/s) will endure for several hours, or until the synoptic situation changes
as the jet moves out of the I'AKN area.
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e. A survey of surface analyses for the period January 1969 through February 1970
and discussions with experienced forecasters indicated that three general wind
conditions occurred at King Salmon and that each of these was associated with
a distinct synoptic situation.
1. North wind (direction 3200 to 050'). The north wind is associated with a

low in the Gulf of Alaska moving northward or northwestward, along with
a southward outbreak of cold air west of the Alaska-Aleutian mountain range.
It appears that the strongest winds occur when the low is east of Kodiak Island
at about 150'W longitude. As the low moves further west, the band of maxi-
mum wind shifts to the west of King Salmon. Furthermore, maximum winds
are frequently associated with the period of strongest warm advection at 850 mb
over King Salmon. The advent of cold air advection at 850 mb, which indicates
that the low is filling and the cold air is becoming dominate, signals a decrease
in wind speed at the surface.

2. East wind (direction 0600 to 1300). The east wind occurs when an intense
low is moving eastward or northeastward south of the Alaska Peninsula and
crosses 50 'N when still west of King Salmon. This is the most frequent strong
wind situation at King Salmon. If the low continues to move with an easterly
component into the Gulf of Alaska, the wind at King Salmon will back and
decrease as the low passes south of the station. However, the strongest winds
experienced at King Salmon occur when the low turns northward and moves
across the Alaska Peninsula into Bristol Bay somewhere east of Cold Bay (winds
as high as 82 kt or 42 m/s have been recorded). In most cases, an east wind
will continue above 35 kt (18 m/s) as long as warm advection is occurring
at 850 mb, but with the advent of cold advection, it will tend to decrease fairly
rapidly. Extreme cross-isobaric flow is not unusual with east winds because
of the effect of the mountains east of the airport. Occasionally, after the wind..
decrease to less than 35 kt (18 m/s), they will again increase from the south
to over 35 kt (18 m/s).

3. South wind (direction 140' to 270'). The south wind occurs when an intense
low moves northward or northeastward into western Bristol Bay, crossing the
Aleutian chain between Adak and Cold Bay. If the low curves toward the north-
west and does not cross the coast of the Alaska mainland, strong winds at
King Salmon will usually be of short duration. The situation will be "touch
and go" whether the winds exceed 35 kt (18 m/s). However, if the low continues
to move northeastward into interior Alaska, an extended period of winds greater
than 35 kt (18 m/s) may occur. Unlike east and north winds, the strongest
southerly winds are associated with cold advection at 850 mb.

5.2.2 Port Heiden

a. The topography in the Port Heiden area exerts a moderate orographic influence
upon the airmasses that reach this vicinity. To the southeast a pass is formedp between the plateaulike hills to the east and the mountains to the south and
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southwest producing a venturi effect on the winds from the southeast. Since this
funnellike effect adds to the normal velocity of the winds, most of the extreme
velocities recorded are from the southeast. Except during frontal activity southerly
and easterly winds usually bring good weather since stability from latitudinal
cooling is combined with the downslope effect of air traveling over the mountains
to the south and east of the field.

b. Accompanying the establishment of a high pressure cell to the north over the
Alaskan mainland, a northeasterly wind develops over Port Heiden. The airmass
thus introduced with a trajectory over the mainland is a product of cold, dry air,
and clear skies. In the fall and winter, when a ridge extends from the south over
the field as a protuberance of the Pacific High, divergence will cause clear to
scattered skies to prevail. This situation, however, is infrequent and of short
duration.

c. When a high pressure cell exists over eastern Siberia and the western Bering Sea,
much of the trajectory of the air over the station will have been over water. Winds
will be north to northwesterly, and clouds will be broken cumuliform at 2000 to
3000 ft (610-915 in). With winds from the north or northwest bringing unstable
air originating far to the north of Nome and a long trajectory over the Bering
Sea, squalls and instability showers will develop. These showers and squalls are
of moderate intensity and are frequent, occurring about two each hour and lasting
from 3 to 5 min.

d. During the fall months when low centers stagnate in the Bering Sea and Pribilof-
Nunivak areas, excellent flying conditions with light southwesterly winds exist
at Port Heiden. In the winter months when the polar front is to the south of this
area, a low cell persisting in the Gulf of Alaska and a high cell over the mainland
of Alaska will cause fresh polar air to envelop the station. Winds will be north-
easterly with temperatures ranging from 0° to -20 'F (- 18' to -29 °C). As
the occlusion moves in an easterly direction south of the station, moderate to heavy
snowfall will reduce the visibility and ceiling to zero, and strong winds will
continue. In the absence of frontal weather, blowing and drifting snow will often
reduce the visibility to zero. The station will open as soon as the cold air recedes
to the north.

e. In the late fall and winter, lows ordinarily pass to the south of Port Heiden. When
the occlusion is to the southwest, broken to overcast clouds at 5000 to 8000 ft
(1525-2440 m) will ordinarily prevail and winds will be light to moderate
southeasterly. As the occlusion moves eastward to a position south of the station,
the overcast will become solid with the ceiling lowering to 2000 to 3000 ft. Within
2 to 3 hr the ceiling will lower to 800 to 1000 ft, winds will become northeasterly,
and precipitation will reduce the visibility to 3 to 6 mi (5-10 kin) when falling
as rain and 1 to 3 mi (1.6-4.8 kin) when falling as snow. After the low center
has moved east of the Kodiak area, precipitation will cease, ceiling and visibility
will improve, and sky coverage will be overcast-to-broken.

f. During the late summer and early fall a low passing to the north will bring over-
running air from the warm front with the formation of an overcast 6 to 12 hr
preceding the passage of the front. Drizzle and rain with poor visibilities will
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begin just before frontal passage and will prevail through the warm sector. After
passage of the cold front a northwesterly wind and cumuliform overcast will occur
with frequent showers and squalls. Ceilings are usually from 1000 to 1500 ft,
and visibilities lower to 3 to 6 mi (5-10 kmi) in precipitation. Winds are 17 to
26 kt (9-13 m/s) with gustiness of 30 to 35 kt (15-18 m/s).

g. When a low system proceeds along the chain and passes over Port Heiden, good
weather will precede the occlusion, especially in the fall, and winds will be light
to moderate from the southeast and northeast. About 3 to 6 hr before the arrival
of the occlusion, flying conditions will become unfavorable with low ceilings,
poor visibility, and considerable precipitation. In the immediate center of the low
the weather will be calm and practically clear, but with the passage of the upper
trough line closed conditions with moderate northwesterly surface winds will
prevail.

h. In the fall a weak, slow-moving occlusion may move over the station while a high
pressure area is situated over Canada and eastern Alaska. With the trajectory of
the air behind the occlusion from the south or southwest over the Pacific Ocean,
fog and low stratus will prevail for approximately 24 hr after the occlusion has
passed. Occasional drizzle and fog will reduce the visibility to 0 to 1 n mi (0-2 kIn)
and the ceiling to 0 to 100 ft. In the late fall and winter, warm front type occlusions
with marked upper cold fronts frequently pass. With the passage of the upper
cold front, strong, gusty, southeasterly winds and moderate precipitation will be
observed. Immediately to the rear of the upper cold front clearing will be rapid
and the winds will decrease sharply. Although the station is not closed preceding
the passage of this portion of the storm, flight is hazardous because of heavy turbu-
lence and strong gusts at the surface of the field. Moderate to severe icing is usually
prevalent with the passage of an upper cold front. As the occlusion passes the
station only slight gustiness will occur, but closed conditions will exist for 6 to
12 hr.

i. Southeasterly winds of gale force with williwaw effect will occur when a low
from the west or northwest passes over or north of the station. Wind velocities
will be 9 to 17 kt (5-9 m/s) higher than the general circulation around the
approaching low. An intense low deepening to the southeast through southwest
will cause northerly winds with velocities somewhat lower than the general circula-
tion. Northerly and westerly winds are usually associated with overcast skies,
but frequent breaks and a minimum of precipitation occur except during frontal
activity. Northeasterly winds blowing from a high pressure area located over the
Alaskan mainland tend to produce clear skies. In midwinter northeasterly winds
envelop the station with fresh polar air and cause the temperature to fall as low
as 00 to -20°F (-180 to -29 0C).

j. In winter, especially after a snowfall, moderate to strong winds from the west
through the northeast may cause moderate to heavy drifting snow. In the late
spring and summer when the station is dry and free of snow, southeasterly winds
of 17 kt (9 m/s) or more will cause blowing dust, and velocities over 35 kt (18 m/s)
may restrict visibility by a condition of severe blowing dust.

0
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k. In summer with cyclonically curved isobars and light circulation from the north-
west, west, or southwest, fog and low stratus will prevail. With a ridge of the
Pacific High extending into the Bristol Bay area, fog will lie offshore during the
day and move inland at sunset.

1. In the spring months certain ideal conditions for the formation of fog have been
noted. A filling low and a frontal occlusion in Bristol Bay give rise to a gradual
change in wind direction from the southeast or south to the west with a velocity
of 4 to 10 kt (2-5 m/s). Fog will envelop the station shortly after the wind change.
This fog will persist for an extended period or until the wind backs to an easterly
direction. With winds from the northwest fog will develop about 4 to 5 hr after
the frontal passage. However, northeasterly winds will give rise to low ceilings,
but the visibility will remain comparatively good.

5.2.3 Cold Bay

a. The topography in the vicinity of Cold Bay exerts a pronounced effect on the
strength and direction of the wind recorded at the surface. Good protection is
afforded by the mountains to the east and west, and as a consequence, winds from
these directions are light, rarel) exceeding 9 to 13 kt (5-7 m/s).

b. A low centered near the airfield results in a southwest to southeast circulation
producing south-southeast winds of supergradient velocities. North winds are
representative and are not altered in velocity and direction.

c. When a low pressure system moves south of the Alaska Peninsula and then into
the Gulf of Alaska, with the Siberian High situated over the Bering Sea area and
across the western Aleutians, the winds at Cold Bay are from a northwesterly
direction and are moderately strong in intensity. The ceiling and visibility will
be near zero for the first 24 to 48 hr, improving thereafter, but snow squalls and
showers will continue throughout the following few days. This situation is usually
noted in the winter months.

d. A situation that occurs rather frequently during the fall, winter, and spring months
causes well defined weather conditions that are not too difficult to forecast. When
a ridge of high pressure from the Pacific High is oriented from south to north
near or just east of Cold Bay, the station will have ceilings of about 2000 ft and
southerly winds. When a fairly deep low center approaches Adak, which has an
occlusion extending to the southeast approaching Cold Bay, the station will experi-
ence increasing wind velocities of 26 to 43 kt (13-22 m/s) from the southeast.
Lowering ceilings and precipitation will also accompany the frontal approach.
If the high pressure ridge remains near Cold Bay, the winds will increase to 60 kt
(31 m/s) or more with increasing precipitation and very low visibilities. The
eastward movement of the occlusion will become almost stationary near the station,
whereas the northern portion of the occlusion will proceed around the low center
to the north. With this situation Cold Bay will have winds of 35 kt (18 m/s) or
higher continue for 24 to 48 hr, depending upon the intensity of the low center
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and the occlusion associated with it. The strong southeasterly winds will begin
to decrease a few hours after the pressure starts to rise.

e. In summer a strong cyclone still deepening over the western half of the chain
will be retarded and stop completely whenever a similar low occurs in the Gulf of
Alaska, and it will not start moving until the low in the Gulf fills. At the same
time a col or weak high ridge is always present over the peninsula, and Cold Bay
is usually in the center of the col or ridge. Under these conditions the ceilings
are usually higher than at neighboring stations, i.e., 1500 to 2000 ft (460-610 in).
A col or high pressure wedge over the peninsula in summer results in warm polar
maritime air being brought onto the peninsula, causing drizzle and fog that are
most dense at night.

f. Fronts, usually occlusions, that travel along the chain stations normally move with
a fairly constant speed until they pass Umnak. Frequently they will decelerate
rapidly between Umnak and Cold Bay, particularly when the Alaska Peninsula
has pressures of 1015 mb or higher and the pressure is continuing steady or is
falling very slowly.

g. The lows that frequently stagnate and fill in the Bristol Bay area north and northeast
of Cold Bay cause weather that comes in a more or less routine sequence. Immedi-
ately after passage of the front the winds will shift from southeast to west-southwest
to west-northwest. The frequent squalls and showers will lower the ceilings and
visibilities for the next 2 hr after frontal passage. The second day will show a
pronounced clearing to low scattered or broken clouds. On the third day the cloud
cover will be overcast, but ceilings will remain favorable for flying. Such a sequence0 will not, of course, hold true if another front moves in after the stagnating low.
A northwest surface wind after passage of a frontal system or an outbreak of cold
air will give the Cold Bay area strong winds and instability showers for the first
24 to 36 hr. In summer when a front passes, which is oriented in such a manner
that postfrontal winds are south-southeast at Cold Bay, a day of favorable weather
may be expected with good ceilings and no precipitation.

h. Because of the orography at this station the strongest winds are from the south-
southeast. The maximum velocity is attained when a low pressure system is
approaching from the west. These winds usually endure for only a few hours.
Strong surface winds that continue for 24 to 48 hr are noted after the pressure
begins to rise. A northwesterly gradient brings southeast winds and a stable type
of weather. Frontal approaches cause well defined wind shifts from south-southwest
that back slowly to southeast and increase in velocity. The frontal shift will then
be to west-southwest, and the winds will be nearly calm if the low center is nearby.

i. In August when the first deep lows start to move across the chain with any
regularity, the winds behind the low center seem to be directly proportional to
the rate of rise of pressure. This isallobaric influence seems to have as great an
effect as the actual pressure gradient itself. The faster the pressure rises at the
station the higher the winds will be over the gradient velocity.

j. Southwesterly winds bring improving conditions and clear weather after a period
of 24 to 48 hr when a frontal system has passed or from the circulation of a high
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pressure system south of Cold Bay. Occasionally, light fog and drizzle are associated
with southwesterly to southeasterly winds, depending upon the synoptic situation.

k. In summer with scattered low stratus or fog over the Bering Sea in a warm air-
mass, the westerly circulation will cause the stratus to blow into the bay area.
At this time the fog area has moved north of Amchitka across the Bering Sea
and is found all along the coast of Bristol Bay. The sky may be overcast for days
at a time until a low system to the west causes southeasterly winds.

1. Diurnal heating, although of small range, is nevertheless of sufficient influence
to have some regulatory effect upon the formation of stratus and stratocumulus
clouds. During a synoptic situation that favors the development of stratus throughout
the Cold Bay region, the diurnal increase of temperature will, with light winds,
ordinarily cause the ceiling to rise by noon. It is noted, however, that the areas
adjacent to the Bering Sea (north and west of the station) on the instrument landing
approach to the airfield usually have ceilings one-half the height of those reported
at the station. However, if the ceiling over the field is greater than 2000 ft this
condition is negligible. When light north and west winds (less than 17 kt or 9 m/is)
are present, a greater tendency exists for fog and drizzle to occur in that quadrant.
If the wind is south-southeast at the surface, the ceiling is also lower near the
narrowest part of the station. In winter, synoptic situations that give rise to
outbreaks of polar continental air are normally conducive to the extensive develop-
ment of stratocumulus formations. This cloud cover during the day usually
completely covers the land areas but dissipates entirely during the night.

m. Difficulty arises when forecasting the formation of lower cloud layers and cirro-
stratus without associated frontal activity. The unexpected formation of a high
overcast makes the forecasting of the lifting or breaking of the summer stratus
uncertain. At times the higher overcast may be due to cyclonic waves south of
the Aleutian chain. In general, the high overcasts are attributed to the overrunning
of warm air.

n. A synoptic situation in which a low is centered in the Gulf of Alaska and a high
in the Bering Sea is conducive to advection type fog. During the early summer,
advection type fog exists at Cold Bay with a south-southeast surface wind of fairly
light intensity. The dissipating time of this type of fog is dependent upon the upper
cloud cover. During summer in the bay area sea fog and stringers of stratus, which
stream through the passes in the mountains, should not be mistaken for fronts.

o. During the summer months when most of the Aleutian chain has considerable
fog from the southwesterly flow of the Pacific High cell, Cold Bay usually has
flyable weather. When Cold Bay is in the area of a light westerly gradient at the
ridge of the high, surface winds will be light and vary from south-southwest to
west. Frosty Peak to the southwest causes some dissipation of the fog, and as
a result ceilings may be 100 to 400 ft, whereas visibilities will be variable from
near 0 to 2 to 3 mi (0-3-5 km) in fog and drizzle. When the gradient wind from
the Pacific High is definitely southwest, Frosty Peak will cause improved condi-
tions only over the base. At such times Cold Bay will have ceilings of
approximately 500 to 1000 ft though surrounded by low stratus and fog lying 2 or
3 mi (3-5 kin) from the field.

5-8



p. During most of the year when a low center passes nearly north of the chain or
along the chain, the clearing behind an occlusion or warm front is slow because
the prefrontal fog and drizzle are carried around the low center. By carefully draw-
ing the fog area around the occlusion, the forecaster may calculate, with good
verification, the time required for the fog to be completely blown around the low.

5.2.4 Adak

a. Certain synoptic patterns do presage certain events. The most reliable and striking
are
1. A blocking upper level ridge over the central and eastern Bering Sea and Alaska

will steer surface cyclones into the western Bering Sea or south of Adak into
the Gulf of Alaska.

2. The cyclones that move north will bring dissipating frontal weather into Adak
as the fronts continue eastward into the block. The weather is all warm frontal
or occluded type with rain predominating, followed 12 to 24 hr later by broken
conditions with little or no precipitation.

3. The cyclones that move south of Adak bring light easterly winds with light
rain or drizzle if the center is north of 45 'N. This type of cyclone may very
well cut under the block. Unless the block shows eastward movement it will
reestablish itself after cyclone passage.

4. When the block retrogrades so that the ridge axis is near Adak, overcast condi-
tions with light winds and no precipitation predominate. In spite of the strong
subsidence aloft, a residual surface trough persists across the western Aleutians
as the successive cyclone frontal systems dissipate in the block.

b. True northwest winds seldom reach any velocity over 15 kt (8 m/s) regardless
of the gradient, as Mount Moffett will block and funnel wind around it to become
west to west-northwest. Winds from 1200 to 1900 will generally be about one-
third of the gradient wind due to the mountainous terrain south of the field, unless
the gradient exceeds 50 kt (26 m/s). Winds from 190 0 to 250 0 will normally be
representative ot the area gradient (though gusty), unless the pressure gradient
shows signs of strengthening, at which time the winds will be about one-third
more than the gradient flow due to lower mountainous terrain and a more favorable
orientation of passes that lead away from the airfield. Winds in any direction will
be gusty when in excess of 15 kt (8 m/s). Gale force winds may have gusts
frequently as high as double their velocity.

c. An intense low center passing 60 n mi (111 km) west of Adak will produce storm
force southerly flow, whereas the same low passing over Adak or east of Adak
will seldom produce storm force winds.

d. The marine environment and mountainous terrain guarantee persistent orographi-
cally induced low cloud coverage. It averages two-tenths to three-tenths more than
normally would be expected; however, increased ceiling heights usually keep Adak
in VFR conditions.

e. Storms may occur in any season but are most numerous and severe in winter.
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Winter is a season of intense cyclonic storms, gusty winds, rain, snow, or rain
and snow mixed. Between storms, however, Adak has some of its best flying
weather in winter. Basically, convective conditions prevail with good visibility
and high broken or even scattered skies. During the summer season, the frequency
and intensity of storms is much less. The warm air being advected up the back
side of the North Pacific High over the cool local waters gives rise to extensive
areas of advection fog and low stratus, which frequently drift over the station,
although rarely bringing the visibility below minimum.

f. Nearly all forms of precipitation occur on Adak; mixed rain and snow showers
are quite common throughout winter, and snow and ice pellets occur mostly in
late fUll and winter. A few thunderstorms have been recorded, mostly in late winter
just before sunrise. They are usually of short duration and are accompanied by
snow or ice pellets rather than hail. Besides heavy frontal precipitation, cold air-
masses move from Asia behind cold fronts over the warmer waters of the Northwest
Pacific during the winter, causing frequent snow showers to dominate the local
weather. Because the Pacific High extends south of Adak in the summer, warm
moist air is trajected over the cooler waters producing widespread drizzle and fog.

g. In the spring and summer, fog is the prevalent situation through most of the North
Pacific and the Bering Sea because of the warm moist air flowing north over colder
water. Although the conditions over the ocean may be near zero, Adak is normally
VFR. When the wind direction is from the south to the west, the stratus and fog
will be lifted by orographic effects, the degree of which is determined by the wind
speed. With calm winds or winds of less than 5 kt (2.5 m/s) from the north-
northeast, ceilings and visibility will be at or near zero. Normally around dusk,
they will improve as a result of either an increase in wind speed and/or heating
of land surfaces.

h. The precipitation type is predominantly showery. Showers are brief and frequent
due to island characteristics and topography. Steady precipitation occurs only with
advancing warm fronts and occluded fronts associated with cyclones moving along
or south of the Aleutian chain. Snow showers occur in winter and early spring,
whenever the predominate flow is from the northwest to northeast and a lowering
of the freezing level occurs.

i. Rain and snow mixed generally accompanies any system moving around the
southwest periphery of Adak in the winter; showers are heavier than normal. The
steady rain associated with a warm front usually extends out to about 300 n mi
(555 km) ahead of the front. Many times, however, passages of warm fronts are
very difficult to distinguish. A slight rise in temperature and a shift of the wind
to a more southwesterly direction may be the only indicators.

j. Some of the most useful rules for forecasting (particularly in the autumn season) are
1. A blocking high centered near 40 'N, 160 'W will cause all lows in the Adak

area to move northeast.
2. The strongest winds are usually in advance of lows, associated with isobar

packing immediately in advance of frontal systems, except when an occlusion
moves over the central Aleutians. Because of topography, Adak's strongest
winds, which are north to northeasterly, will occur after frontal passage.
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3. The strongest diurnal winds occur near 1500 to 1600 LST, and the minimum
occurs from 2300 to 0600 LST.

4. With a freezing level:
above 2500 ft (762 m)-forecast rain
800 to 2500 ft (244-762 ..,)-forecast snow pellets
0 to 800 ft (0-244 m)-forecast snow

k. Additional n,' -.s that may be of assistance include
1. With a temperature above 25 °F (-4C0C) a wet snow will fall and not drift as

badly as a powdery snow, which typically occurs at temperatures below 25 'F
(-4 -C).

2. Partly cloudy conditions and calm winds will produce the most extreme
minimum temperatures.

3. High pressure over Siberia in February will keep lows south of the Adak area.
4. Lows that remain south of 45 *N will seldom have a cloud shield and never

have a rain shield that affects Adak.
5. In summer, with a high over the Shemya area moving eastward, the lowering

of subsidence inversion and development of either fog or extremely low stratus
should be expected.

6. With a southerly wind at Shemya near zero conditions at Adak should be
expected.

7. The warm and cold advection pattern at the 500-mb level should be watched
to determine rain versus snow. During the winter, frontal precipitation may
"begin as snow, changing to rain with the crossing of the line of warm advection

.l at the 500-mb level. After frontal passage, rain showers may predominate until
the leading edge of cold advection at 500-mb passes, and then snow showers
will prevail.

1. Ceiling and visibility forecasts during the summer can be determined with the
aid of the following thumb rules:
1. With a wind speed of 10 to 20 kt (5-10 m/s) from the south through west,

the ceiling will usually be between 300 and 600 ft and the visibility less than
i n mi (2 km).

2. When the speed decreases to less than 10 kt (5 m/s), the ceiling may drop
to 100 to 200 ft and the visibility to 0.5 n mi (1 km).

3. With a wind speed below 10 kt (5 m/s) from the northwest to north, fog is
brought in through the passes to the north of the field, dropping ceilings to
200 to 500 ft and visibility down near 0.5 n mi (1 km).

4. Field conditions will be near zero-zero with calm winds, or winds less than
5 kt (2.5 m/s) from the north-northeast.

5. With winds less than 12 kt (6 m/s) from the east-southeast to south-southeast,
ceilings will normally be 200 to 600 ft and visibility between 0.5 to 2 n mi
(1-4 km). Conditions will improve with higher winds, which normally do not
exceed 25 kt (13 m/s) with this weather pattern.

6. Whenever any strong flow (20 kt or 10 m/s, or more) tends to cross the Aleutian
chain from north to south or vice versa, low-level turbulence (due to speed
and directional shear in the vertical and horizontal) can be expected.
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m. Studies have generally shown that the clear area associated with the center of a
migratory anticyclone remains in the same position relative to the high pressure
center, even though the clear area decreases in size with the collapse of the ridge.

n. When it can be definitely ascertained from the satellite image that a formerly clear
area associated with a surface high cell has become filled with clouds (excluding
stratus), the forecaster may anticipate complete collapse of the anticyclone in 24 hr.

o. Variable fog conditions occur over Adak during the year: from infrequent fog
during the winter to frequent fog moving over the field in spring and summer.
On the average, fog occurs 151 days per year. A long trajectory of warm moist
air, extending sometimes to Japan, is carried over the cooler waters of the North-
west Pacific High during these months. This results in large areas of advection
fog. Because of the rugged terrain of Adak and the relatively high average velocity,
ceilings seldom lower beWow FAA minimums. When the winds are calm or a light
north-to-east wind is blowing, the stratus and fog approach the airfield causing
the ceiling and visibility to be near zero. After several hours the visibility and
ceilings will rise above the FAA minimums, and the winds will increase to 5 to
10 kt or with normal daytime heating.

p. During most of the entire year, icing is a significant hazard for small aircraft,
and in the ascent and descent patterns of large aircraft because of the large number
of frontal passages, the predominance of a cold airmass, and convective type clouds
over Adak. Icing depends on many parameters including temperature, humidity,
size, and stability of the water droplet present, and the speed, altitude, and
geometry of the aircraft. The orographic lifting of conditionally unstable air
because of the rough terrain of Adak also contributes much to the ice-forming
process.

q. The most significant type of turbulence at Adak is mechanical. With certain wind
speeds and directions near the ground, small eddies and gusts are produced by
wind shear. This turbulence is very significant in takeoffs and landings at Adak.
Its intensity depends on the wind direction and is directly proportional to the wind
speed. Southwesterly winds produce the most mechanical turbulence at Adak.
Zeto Point, when using runway 23, is a particularly turbulent area that has north-
easterly flows. For strong winds between 2000 ft (610 m) and 6000 ft (1829 m)
from the west, severe to extreme turbulence to 8000 ft (2438 m) is very common.
Also, with winds of a southerly component of 20 kt (10 m/s) or higher, severe
to extreme turbulence to 10,000 ft (3048 m) should be expected because of
mountain waves.

5.2.5 Amchitka

a. Because of the frequency of snow squalls associated with modified polar conti-
nental air, the weather conditions over Amchitka may change very rapidly,
sometimes going from unlimited to zero-zero within a few minutes. This condition
ordinarily will last for only 10 to 15 min during each intense squall or shower,
but it may be expected to occur rather frequently during the coldest months.
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b. High pressui , Jts rarely dominate the Amchitka area during summer; however,
when they dt, occur and Amchitka is near the western rim of the high cell, a
layer of stratocumulus will develop with the base at 2000 to 2500 ft (610-762 m)
and a th:ckness of approximately 1000 ft (305 m). When the station is on tie
easterr -im of the high pressure cell, cloudiness will decrease and become cumulus
typ, with shower activity throughout the area.

C. Frontal passages through Amchitka are frequent and intense during the winter
months. Through the early part of the winter period the storms move south of
the western Aleutians. When the Pacific High dominates the Gulf of Alaska, the
low cells are deflected and move along a general south-north path, crossing the
chain very near Amchitka and stagnating over the Bering Sea. This situation
produces little or no frontal weather over the extreme western end of the Aleutians,
but it results in the fronts passing Amchitka with their full force. When the low
stagnates over the Bering Sea, Amchitka will experience overcast skies at 1000 to
1500 ft (305-457 m) for a period of 18 to 24 hr.

d. When a storm path is oriented east-west and a frontal system approaches this sta-
tion, the precipitation shield will be approximately 200 to 250 n mi (370-465 km)
in advance of the front, and one can estimate a 9- to 10-hr elapse time from the
beginning of precipitation until frontal passage. For a storm with this orientation,
a reliable forecast of the time of frontal passage can be made by computing the
time required for movement of the shield from Shemya or to Amchitka. The
forecast is more difficult when the system passes south of the Aleutians and forms
a bent-back occlusion just south of this station. In this case the precipitation shield
may reach Amchitka within a few hours after Shemya reports precipitation and
lowering ceiling.

e. Throughout the winter the predominant type of front is the warm type occlusion.
When these fronts pass through Amchitka, rapid clearing will result, followed
about 2 to 3 hr later by quite extensive shower activity that may continue for 24 to
36 hr. The velocity of the accompanying winds, if from the northwest or north,
will often equal and sometimes exceed the velocity r,"corded prior to frontal
passage. When the low pressure center moves north of the Aleutians and stagnates
north of Amchitka, a series of secondary cold fronts may develop and move over
the western Aleutians at intervals of approximately 10 hr. If a low pressure cell
passes 200 to 400 n mi (370-740 kin) south of the station, a solid deck of altostratus
clouds will form at an average of 7500 ft (2286 m) with a few stratocumulus below
3000 ft (914 m). As fronts pass to the south within 150 n mi (278 km) of Amchitka,
continuous precipitation will prevail over the area for a period of 18 to 24 hr.
It has been noted that if the pressure begins to fall before the appearance of high
clouds, the storm center will pass to the north; whereas, if the high clouds appear
and the pressure begins to fall simultaneously, the low center will pass over or
very near the station.

f. Indications of a secondary cold front formation and movement within the area
of influence of this station are limited, but some general indications have been
noted as follows:
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1. With returning circulation behind a deep, stagnant low in the central Bering
Sea, a secondary cold front passage may be expected within 18 to 24 hr after
the low cell stagnates in this position.

2. The pressure will hold steady until a front is within 50 to 75 n mi (93-140 km)
of Amchitka, at which time the pressure will begin to drop slowly.

3. Low pressure cells centered in the south central portion of the Bering Sea
have a tendency to generate secondary cold fronts oriented along an east-west
axis. These secondary cold fronts result in the entire western Aleutians coming
under the influence of the system almost simultaneously. Amchitka is usually
affected 3 to 4 hr after the extreme western islands.

4. Low pressure cells centered in the southwestern portion of the Bering Sea tend
to generate secondary cold fronts oriented along a northeast-southwest axis.
Under these conditions the time of passage over Amchitka may be determined
by assuming a movement of 22 kt (11 m/s) after passage over Shemya.

•. Cold fronts that affect this area during summer have their origin over the land-
masses of eastern Asia. They follow a path over the Island of Sakhalin, across
the Sea of Okhotsk, over the Kamchatka Peninsula, and then east-northeast along
or north of the Aleutian Islands. Since these systems are very weak, they are impor-
tant to Amchitka only because of the circulation they bring to the area. Summer
frontal systems do not constitute a hazard to flying in this area except for the fog
and low stratus that result from a southerly flow.

h. The forecasting of strong winds in winter at Amchitka is as important as forecasting
summer fog and usually can be done with considerably more accuracy. Winds
above 30 kt (15 m/s) are a common occurrence during the winter, and frequently
winds above 90 kt (46 m/s) are recorded when an intense low cell passes through
this area. In almost all types of synoptic situations the wind is very gusty: at times
the gusts are 20 to 30 kt (10-15 m/s) higher than the constant wind velocity. The
winds that accompany a winter snow squall may, within a very short time, increase
in intensity by 25 to 30 kt (13-15 m/s). The accuracy of wind direction and velocity
forecasts depends upon the degree of accuracy to which the forecaster is able to
plot the paths of the intense winter cyclones.

i . Forecasting wind direction during the summer months is important only in relation
to fog formation. Winds above 25 kt (13 m/s) are rare for this period even when
low centers pass over or very near the station.

j. During winter the dominant cloud type is stratocumulus, although altocumulus
is the prevalent middle cloud type associated with the passage of frontal systems.
The clouds that appear with the winter squalls are not the typical cumulus type
generally found over landmasses but appear to be formed by the joining of the
stratocumulus and altocumulus layers. A continuous southerly flow for a long
period prior to the approach of a deep low cell from the southwest or west will
bring in low stratus cloud.

k. The prevailing cloud type during summer is low thin stratus. Stratocumulus type
clouds will develop with the passage of a cold front that brings modified polar
continental air into this area.
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S1. Although Amchitka Island is rather narrow, the surface area is quite large and
may at times be heated sufficiently to form a cumulus cloud deck. This condi-
tion, as observed from aircraft, exists mainly over the island; the surrounding
water area is free of clouds or has only scattered cumulus. The heating, however,
is insufficient to produce extensive vertical buildup, and the clouds remain quite
shallow throughout the day. Clouds produced under such conditions prevail until
sunset and dissipate, leaving clear to scattered skies.

m. Fog is the most important restriction to visibility during the summer months, while
light rain or drizzle constitutes a minor restriction to visibility. During the summer
season fog is associated with practically all surface synoptic situations, but the
actual forecasting of the time of formation and dissipation is indeed difficult. Close
observation of airmasses and storm paths to determine a flow pattern is imperative
for accurate forecasting of fog conditions. This is made difficult because of the
small number of reporting stations in this area.

n. Two types of fog have been observed at Amchitka, a wet type and a dry type.
The wet type fog is associated with fine drizzle that falls continuously, forming
water on vehicles, buildings, and the ground. The number of water droplets
correlates closely with the thickness of the fog layer (thick layer-large droplets)
and with the trajectory of the airmass over water. The dry type fog will not cause
condensation on ground objects and is subject to rather rapid dissipation by surface
heatirg. Both types of fog are formed by the advection of warm air over cold water.

o. The plotting of airmass trajectory is helpful in forecasting fog formation, especially
when the tongue of warm air has come around a low center and approaches the
island from the north. Such a condition is extremely difficult to forecast without
satellite imagery because of the lack of accurate reports that are necessary to trace
the boundaries of an airmass. A good example of this is found in one situation
where a low pressure cell at Atka produced a northerly flow at Amchitka that
resulted in scattered to broken clouds at 500 to 800 ft (152-244 in). A pilot report
obtained several days later indicated that a stream of fog approximately 100 n mi
(185 in) wide had extended from Tanaga to Kiska with a north-south orientation.
This observation provides an excellent example of how airmass trajectory affects
fog forecasting. During the months of May through September when a southerly
flow of air is observed, fog can be expected within 2 to 4 hr, depending on the
proximity of the fog bank. Pilot reports are helpful in determining the northern
boundaries of fog banks.

p. When Amchitka is under the influence of a southerly flow accompanied by advec-
tion fog, the following deductions concern its influence on the field. As the air
moves north from one runway toward the other runway, it crosses land that slopes
gently downward. Adiabatic heating then usually maintains a ceiling of 100 to
200 ft (31-61 m) with visibility 0.5 to 1 n mi (1-2 km).

q. Some of the conditions producing fog-free weather or causing the dissipation of
fog are as follows:
1. When a wedge of high pressure builds up from the Pacific High over the Sea

of Okhotsk and Siberia, returning tropical maritime air that has had a trajectory
north of the 60° latitude dominates the area.

5-15



2. In many instances, with the approach of a well defined warm front having
a widespread cloud pattern, fog has been observed to clear for a period of 0
3 to 6 hr preceding the precipitation shield. This clearing is especially true
if the precipitation shield arrives over the island during the late evening.

3. Fog-free weather may result when the station is on the back side of a low
that has passed far enough north to give circulation from above 65 'N latitude.

4. If fog of the dry variety is 1500 ft (457 m) or less in thickness, no upper clouds
exist, and if the surface wind is greater than 13 kt (7 m/s), fog will flow over
the field and cause variable ceiling and visibility conditions on the runways.
However, under these conditions the clouds will be broken 1 n mi (2 kin) north
of the runway.

5. A synoptic situation resulting in northwest winds at the surface and cold air
advection up to 10,000 ft (3048 m) will generally produce fog-free weather
and cumulus cloud formations instead of stratus. This rule has worked quite
well for Amchitka on many occasions but has not been thoroughly tested.

r. Some of the elements to be observed during periods of fog-free weather for indica-
tions of fog moving in or forming are as follows:
1. When the wind is from a southerly direction with a velocity below 10 kt

(5 m/s), a definite tendency toward increased velocity may be an indication
of fog.

2. When the wind is from any direction other than south with a velocity less
than 15 kt (8 m/s) and the air has a short trajectory over the Pacific, an increase
in wind velocity to over 18 kt (9 m/s) may be an indication of fog.

3. If a bulge of high pressure extends north of the Aleutians and gives fog-free
weather at Amchitka, fog may be expected to form again when the wind shifts
from northwest to southwest.

4. The formation of vapor trails from fast moving aircraft may be observed for
indications of the amount of saturation.

5. A few thin wisps of fog drifting over the station often give 15 to 30 min warning
before zero-zero conditions prevail.

s. On 23 August 1948 a low pressure cell passed north of this station and a
thunderstorm of moderate intensity was reported with the passage of an occluded
front. Zero-zero conditions prevailed at the surface during the entire period of
frontal activity. This is the only thunderstorm activity ever reported at Amchitka.
It is indeed a rare phenomenon! (This statement was made in 1949.)

t. Light rain and drizzle during the summer months can be considered a daily occur-
rence. This precipitation is usually continuous during long periods of southerly
flow. Although of long duration, the precipitation reported for a 24-hr period
seldom exceeds 0.2 inch (0.5 cm).

u. The temperature is very stable during the summer months, and the diurnal variation
is usually less than 3 Fahrenheit degrees (1.5 Celsius degrees). The free air
temperature is an important factor during this period since the extensive fog forma-
tions are a direct result of the warm air in the lower levels passing over the colder
surface of the North Pacific.
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* 5.2.6 Shemya

a. The moist property of the air around Shemya is indicated by the fact that almost
every day in the year has at least a trace of precipitation.

b. When a low occurs to the east or southeast of Shemya accompanied by a strong
southeastward movement of the Siberian High cell, a tight pressure gradient often
develops with resultant high winds. This movement of the Siberian High can be
predicted by a rapid filling of pressure in the quasi-stationary low cell off the
east coast of the Kamchatka Peninsula. During the transitional period precipita-
tion is, for the most part, in the form of rain and snow pellets.

c. When a storm passes to the south of Shemya and high pressure builds to the north,
strong east-to-northeasterly winds and heavy precipitation will occur. Strongest
winds are observed when a low passes to the south of Shemya. A strong easterly
wind may continue for 24 hr, gradually swinging toward the north after the system
has moved past. The best weather in this period is usually found on the first day
of a northerly wind flow after the system has moved to the east. By the second
day air temperature falls sufficiently to cause numerous clouds and squalls.

d. A low coming from the west, associated with a slowly falling barometer, usually
comes in slower and stays longer than a low from the southwest.

e. When a storm center approaches from the south or southwest, the intense frontal
weather, low ceilings, poor visibilities, precipitation, and gusty winds will begin
approximately 9 hr after the first appearance of cirrus or cirrostratus clouds. These
southwest lows usually pass Shemya from 12 to 16 hr after the barograph begins
its downward trace. Lows from the southwest have the characteristics of an open
wave with rapid movement, far reaching overrunning, and fairly rapid clearing.
However, it is usually not possible to distinguish the passing of both fronts.

f. In summer the polar front lies well to the north of the western portion of the chain,
and storms passing north of Shemya are weak and of little consequence. Winds
at Shemya veer from southeast to southwest. If a summer frontal passage does
occur it is usually of the warm type.

g. When a front is approaching Shemya, attending weather will usually commence
at the front of the trough as soon as the barograph trace starts down. After the
passage of a strong front, if the barograph fails to rise and a complete windshift
does not occur, the approach of a secondary cold front is indicated and continued
heavy winds and precipitation may be expected. When the secondary front passes,
the winds will gradually decrease and veer to the northwest. Precipitation will
be in the form of scattered rain and snow squalls, and cloudiness will decrease.
After passage of a warm front or warm front type occlusion, clearing may be
rapid and the flight weather may sometimes become scattered to unlimited immedi-
ately after the wind shift. However, rapid clearing does not occur when the tips
of occluded fronts pass or when the frontal trough is wide and diffuse.

h. The speed of frontal passage depends mainly upon conditions to the east. With
a deep system in the central or eastern Aleutians, a storm passage through Shemya
is rapid with clearing between storms. If, however, a ridge of high pressure develops
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over the central Aleutians, a storm at Shemya will stagnate and a prolonged period
of heavy precipitation and winds will maintain itself for several days.

i. The period of highest winds is dependent upon the strength of frontal passage.
With strong fronts the highest winds seem to prevail 4 to 6 hr after passage; after
a weak frontal passage the strongest winds occur within 1 hr. Moderate gusts
begin with winds at 22 to 26 kt (11-13 m/s), and winds above 30 kt (15 m/s)
are nearly always accompanied by strong gusts. However, winds of high velocity
are not nearly as turbulent as those of equal strength that are encountered on islands
with rugged topography, such as nearby Attu.

j. Precipitation during frontal activity from November through April is in the form
of large wet flakes mixed with rain, and storm passage in the winter is characterized
by heavy snow squalls. Following frontal passage, snow falling in frequent squalls
is lighter and drier.

k. Fog associated with cyclonic disturbances is relatively infrequent at Shemya;
however, with a storm center to the north and the passage of a warm front at
Shemya, fog may occur.

1. A period of summer fog prevails at Shemya from June through early September.
The southwesterly flow of air from the Pacific High across the Aleutians brings
air cooled to the saturation point during its passage over the North Pacific; conse-
quently low lying fog banks envelop the Aleutians. At Shemya this stable layer
of fog may build up to as high as 4000 ft (1219 in). Because of the stability of
the air this fog can exist with any wind speed, and no relationship between high
or low velocities and fog has been found. Comparison of the temperature of the
sea surface with the dew point has proved useful in forecasting the formation of
fog. The colder the sea surface temperature in comparison with the dew point
of the air, the greater is the probability of fog. The converse also applies.

m. The dispersal of summer fog at Shemya is most probable when a synoptic situation
occurs that will give rise to an extended period of northerly flow and thus intro-
duces a drier, cooler airmass. Dissipation of fog at the surface may be caused
by the southward movement of air from the circulation set up by waves on the
diffused polar front to the north. The resulting instability at the surface will
ordinarily not cause complete dissipation of clouds, and the height of the ceiling
will depend upon the extent to which this circulation continues. With a warm
front passage the surface temperature may rise 2 to 3 Fahrenheit degrees (1-1.5
Celsius degrees), and visibility will temporarily improve and then lower again
after a few hours. In this season if a significant trough aloft moves over the
Aleutians, the polar front may move south and frontal passage in the form of an
occlusion may cross Shemya. If showers occur at the passage of the occlusion,
a broken sky with ceilings of 1500 to 2000 ft may be expected for 6 to 12 hr;
if few or no showers are present, breaking up may not occur or will be of very
short duration.

n. Surface and pilot reports from Shemya indicate that in spite of its small area the
island has better conditions than the surrounding body of water. Reports from
both Shemya and Attu may indicate ceilings of 800 to 1000 ft, though the ceiling
over the water as reported by pilots is 0 to 100 ft. Quite frequently the main runway
at Shemya may have a ceiling of 50 to 200 ft, though the higher part of the island
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to the north and often the east end of the runway are completely enveloped in fog.
o. The surface wind at Shemya is at all times representative of the gradient wind

direction.
p. In the fall, a calm wind will usually become a southerly wind indicating the

approach of a frontal system.
q. With a west to southwest flow at both Casco Cove and Shemya, the sequence

of weather at Shemya will follow that of Casco Cove in 3 to 6 hr, depending upon
wind velocity. Ceilings may vary because of topographic effects at Casco Cove.
This relationship between Casco Cove and Shemya is most reliable from September
through March when storms are well defined. If both stations are free of fog and
Casco Cove is closed, Shemya will follow.

r. During days of zero conditions in fog, a useful aid in forecasting the dissipation
of fog, or the lifting of the ceiling, is the observation of a steaming effect of the
fog close to and at the surface of the ground. This usually occurs in late morping.

s. Because orographic effects are absent, Shemya is nearly free of squall and shower
activity caused by mechanical lifting, which is so characteristic of the winter
weather at the more mountainous Aleutian Islands.

t. The "Attu effect" refers to a clearing of low cloudiness over Shemya as a result
of a clearing of clouds in the lee of Attu under west-northwesterly wind conditions.
The clearing occurs under strong, low level inversion conditions with cloud tops
below the level of the highest mountains on Attu. Turbulent mixing effects of dry
air above the inversion into the moist boundary layer result in a lee clearing from
Attu extending over Shemya. Figure 5-1 is a DMSP example showing such an
effect on 21 August 1989. The Attu effect is an excellent example of how local

Figure 5-1. DMSP visible imagery 2020 GMT
21 August 1989.
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terrain can have a significant influence over the local weather and why synoptic
scale forecasting must be tailored to a specific location for accurate forecasts.

u. Prevailing surface winds during the summer are westerly and generally range
between 10 and 20 kt (5-10 m/s). Although gusty surface winds are not as prevalent
during this season, gusts up to 60 kt (31 m/s) have been reported each month.
Crosswinds of greater than 25 kt (13 m/s) only occur about 1.5% of the time
during this season; therefore, this potential hazard to flight operations does not
tend to be a major problem.

v. Thunderstorms are so rare at Shemya that they do not present a problem for the
forecaster. Rainshower activity, however, will occasionally present problems with
reduced visibility.

w. Icing is very rare in the summer at Shemya. Very stable airmasses occur during
this season, and the freezing level is generally from 6000 to 12,000 ft (1830-
3660 m). The tops of the low stratus are between 1000 and 3000 ft (305-914 m);
consequently, the potential source of icing is generally well below the freezing
level. Light rime icing may occur in the stratocumulus type clouds that appear
with the infrequent frontal systems passing across the island during the summer.

x. To forecast precipitation type, the latest Shemya radiosonde observation (RAOB)
should be used to determine the 1000- to 500-mb thickness and the 1000- to 700-mb
thickness, and then the following guide should be used:

1000-500-mb Thickness (m) Type
_s5200 Snow

5201 to 5269 Mixed
2!5270 Rain

1000-700-mb Thickness (m)

_<2665 Snow
2666 to 2862 Mixed
2_2835 Rain

The 1000- to 700-mb thickness has been suggested as the better guide.
y. The following are various suggestions and/or observations pertaining to precipita-

tion forecasts for Shemya:
1. Advection and trajectory of air are important factors in forecasting type and

character of precipitation. Northerly flow will favor showers.
2. Surface air temperature has little effect on the precipitation forecast.
3. Snow showers have a tendency to remain over the water (as a result of heating

and/or obstructed flow) during daylight hours. Then during the late afternoon
and night they tend to move over the island. "Showers in the vicinity" is a
good descriptive forecast when an occasional shower occurs at the station,
or most anywhere under the cloud street, observed as W2X 1/2 SW (see related
case study 6. 1. 1). High winds will normally prevent the accumulation of a
measurable amount of snow, although 4 to 6 inches (10- 15 cm) of snow over-
night is not uncommon.
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4. Depth of moisture or clouds will influence the precipitation forecast. Clouds
from the 950- to 850-mb layer or above favor showers or a combination of
precipitation types for prevailing forecast conditions. Low stratiform, below
900 mb, favors steady rain or drizzle.

5. Accurate evaluation of satellite data as to type and depth of clouds should
provide an additional tool for forecasting type and character of precipitation.

z. Fog forecast rules:
1. Fog forms as soon as the dew point depression decreases to 1.5 Fahrenheit

degrees (0.8 Celsius degrees) and continues to decrease, provided the dewpoint
temperature is not 2 Fahrenheit degrees (1.1 Celsius degrees) or more colder
than the water temperature.

2. Fog forms suddenly after the air temperature starts to fall, if the dewpoint
is more than 1 Fahrenheit degree (0.6 Celsius degree) above the sea surface
temperature.

3. Fog does not form as long as the dewpoint is 2 Fahrenheit degrees (1.1 Celsius
degrees) or more colder than the water temperature, if the cloud cover is seven-
tenths or more, and in only rare cases even when the cloud cover is less than
seven-tenths.

4. After a rain, the visibility generally will be better than that normally associated
with similar conditions of air temperature, dewpoint, and water temperature
because the number of hygroscopic nuclei in the atmosphere is reduced.

5. With falling pressure, the entire airmass is being cooled through expansion,
and fog formation and persistence is more likely than with rising pressure,
which may dissipate the fog.

5.3 Gulf of Alaska

a. Extrapolation can be used with modest success over the open ocean where an
adequate history exists based on a correct analysis. It should not be used with
systems approaching land. In this case, surface centers should be anticipated to
either decelerate or jump the land barrier, then redevelop on the leeside. A system
is more apt to jump when strong upper flow exists across the mountain barrier.
The best use of extrapolation is with short-wave troughs.

b. Upper air steering is a good tool for forecasting direction of movement of systems
as long as they remain under the vicinity of a jet maximum. This technique is
most useful with mid-ocean polar front cyclones under strong zonal flow. If the
flow becomes meridional, recurvature should be anticipated.

c. The analysis of warm and cold advection patterns at 700 mb will give good
qualitative information as to the movement and intensification of polar front
cyclones. Basic rules available in current literature should be applied. Advection
analysis at 850 mb will assist in the determination of the development and move-
ment of Arctic airmasses and fronts.

d. A low over the interior of Alaska and a strong northwesterly flow aloft over the
Alaska Peninsula will frequently result in the low moving rapidly southeast between
charts or jumping into the Gulf of Alaska where rapid deepening then occurs.

5-21



Strong northwest surface winds and williwaw conditions will develop almost
simultaneously at Kodiak.

e. When a jet maximum at 500 mb passes over or near Kodiak from the northwest,
it can be expected to plunge southward and develop a strong trough off the west
coast of the United States. This trough often becomes a cut-off low that persists
off the California coast.

f. When the jet is farther south and the northwesterly jet passes near 50 'N, 145 'W,
the trough usually forms on the coastline or slightly inland, and the formation
of a cut-off low is less frequent.

g. A deepening of a 500-mb trough in mid-Pacific will tend to build a downstream
ridge in the Gulf of Alaska. A preexisting low in the Gulf of Alaska both at the
surface and aloft will fill rapidly.

h. Upper lows in the Gulf of Alaska seldom move inland and maintain themselves
as separate centers, but instead, stagnate in the Gulf and fill, with a short-wave
trough continuing into the North American Continent.

i. An alternate situation under (h) above occurs when a strong short-wave trough
approaches the low from the west or northwest. This trough will deepen the low
and cause it to retrograde.

j. The ring of mountains around the Gulf of Alaska forms a natural barrier to the
movement of low pressure systems entering the area. As a result, the progress
of a low is retarded, and several days may elapse while the low fills in a nearly
stationary position. This condition occurs frequently in the winter and transitional
periods. In conjunction with a moderate or strong ridge to the west and northwest,
this situation accounts for lengthy periods of strong northwesterly winds at Kodiak.
In summer a storm occasionally moves through a break in the barrier at a point
between Seward and Middleton Island. In such cases, it reforms as a moderate
center in the Copper River Valley and then drifts eastward into the Yukon Territory.

5.3.1 Kodiak

a. Persistence is a poor technique to use in the Kodiak area because of the rapidly
changing conditions most always present. It can be used as a last resort with
stagnant cold lows and blocks, and with limited success on short range terminal
forecasts.

b. A forecast method uses the 500 to 1000-mb thickness as a predictor for the proba-
bility of occurrence of rain and/or snow. It has an excellent theoretical basis, but
two conditions weaken this method as a forecast tool. The thickness value must
be a forecast value, and favorable precipitation conditions must be assumed or
forecast such as presence of moisture, vertical upward motion, and positive vorticity
advection. The thickness value of 17,200 ft (5243 m) as "equal probability
thickness" provides a basis for stating whether or nor snow or rain is more likely
to occur. Again its chief advantage lies in its ease of determination, but it must
be considered as a supplemental aid.

c. Trajectories of the air flowing over Kodiak and the expected changes in trajectory
during the forecast period are of prime importance to the Kodiak forecaster. In
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general, flow from the east will produce rain; from the southwest, partly cloudy
to cloudy with scattered showers; from the northwest, clear to partly cloudy.

d. Air flowing from easterly quadrants having long trajectories and/or dwell time
over the water will acquire low level moisture. If subsidence occurs aloft (as occurs
in conjunction with 500-mb ridging), the low level moisture will be capped by
an inversion with dry, relatively clear air aloft. The result will be extensive fog
and drizzle over and to the east of Kodiak.

e. Local northwesterly winds are often the result of the terrain features altering the
otherwise northeasterly or easterly surface flow.

f. Reported winds are representative of gradient winds only from the easterly
quadrants.

g. Winds seldom prevail from due north or south for more than brief periods of time.
When gradient winds are north, south, east, or west, observed surface directions
will be northwest, southeast, northeast, or southwest, respectively.

h. When the gradient wind is north or northwest: (1) surface winds are generally
light if 2000- and 3000-ft (610 and 914 m) levels have winds less than 30 kt
(15 m/s); (2) surface winds are strong with higher gusts when winds exceeding
30 kt (15 m/s) are observed at these levels; and (3) when the wind at these levels
is 35 to 40 kt (18-21 m/s) and the airmass is cold, the surface gusts may reach
50 to 60 kt (26-31 m/s) and low level turbulence will be moderate to severe.

i. Observed winds from the southwest quadrant are rarely of long duration and are
usually much below gradient speed except when associated with convective activity.
It normally takes a gradient speed of more than 40 kt (21 m/s) to produce sustained
speeds in excess of 10 kt (5 m/s). Wind speeds over adjacent water areas of 30 to
40 kt (15-21 m/s) may be reached. Moderate turbulence is observed from the
surface to 6000 ft (1830 m) under these conditions.

j. Gradient winds from south and north quadrants usually exhibit a 45 to 900 backing
at the local station due to topography, i.e., cross-isobar flow may be as great as 90'.

k. It has been found that for the situation where a low is in the Gulf of Alaska and
a ridge of high pressure to the west and northwest, the simultaneous pressure differ-
ence between Cold Bay and Cordova gives a rough value for average hourly wind
speed at Kodiak. Multiplying the difference in millibars by a factor of 1.4 gives
a value of average gustiness. A factor of 2 applied to the difference gives maximum
possible gusts. By anticipating pressure tendencies, this rule gives fair results for
the following 3 to 6 hr. The pressure gradient between Kodiak and Cold Bay may
also be used as an index. However, in many instances the Cordova-Cold Bay
comparison will prove to be the more accurate predictor.

1. During periods of high winds from the north to northwest at the station, winds
of 10% higher speed should be expected in the hangar area.

m. During periods of high winds from the west to northwest at Kodiak., winds should
be from the west to south in the hangar area with strong eddy motions. In addition,
peak gusts should be expected to be 20 to 30 kt (10- 15 m/s) higher in the hangar
area.

n. During periods of high winds from easterly quadrants at Kodiak, wind speeds
O in the hangar area should be lower than at the weather facility.
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o. During the months of May through August, sea-breeze components are generated
in the local area when solar heating permits. Westerly winds tend to be dampened
by the aa breeze, whereas easterly winds tend to be reinforced. The forecaster
is advised to consider that easterly gradient flow, a high daytime temperature maxi-
mum over land, and a low sea surface temperature are all factors supporting the
development of a sea breeze, whereas the opposite conditions will have an inhibiting
effect.

p. Cumulonimbus clouds form infrequently, but they will sometimes be observed
in the strong flow around a low situated in the Bering Sea after the occlusion
has passed Kodiak. In the above synoptic situation cumulus clouds almost always
form; it is a function of the stability of the airmass whether or not they progress
to towering cumulus or cumulonimbus. As a result of the prevailing southwest
flow, however, the shielding effect of the terrain causes most of the convective
activity to remain offshore. Precipitation will consist of showers of rain, snow,
snow pellets, or small hail, and surface winds will gust often as high as 40 kt
(21 m/s).

q. When a low center passes to the south of Kodiak and surface winds change to
northwest, extensive shower activity, low ceilings, and low visibilities will persist
until upper winds change from northeast to northwest. The duration will be
extended if (1) extensive troughing exists at upper levels to the rear (westward)
of the surface low, or (2) an active Arctic front is drawn into the cyclonic circulation
from the northwest.

r. The appearance of a cirrostratus cloud shield from the southwest will be followed
by precipitation in 12 hr or less.

s. In winter, cloud formations due to convergence usually extend to about 6000 to
8000 ft (1830-2440 m/s) over water, whereas cloud tops over Kodiak Island may
extend to twice this altitude.

t. The cause of a heavy snowfall (accumulation of several inches) is usually low
tropospheric convergence around a low in the Gulf of Alaska that is situated such
that the maritime polar air from the south is brought into juxtaposition with Arctic
or continental polar air along the Gulf coast, and a nor~heasterly flow aloft over
Kodiak results. Surface winds will be northeast through northwest. Care must
be taken to determine whether or not a land trajectory below 700 mb terminates
over Kodiak. If not, precipitation will most likely be rain, or snow changing to rain.

u. Southwest gradient winds, despite moisture content, tend to leave Kodiak open,
with ceilings of 2500 ft or higher and visibilities of 10 n mi (19 km) or more
except in widely scattered showers.

v. The poorest flying conditions associated with a cyclonic system from the stand-
point of ceilings, visibilities, and surface winds are immediately prior to frontal
passage. Frequently partial clearing will occur for I to 3 hr following an occluded
frontal passage followed by lowering again of ceilings and visibilities.

w. Advection fog occurs in spring and summer only. Offshore fog banks will drift
toward the shore when winds are from the easterly quadrants. However, if the
winds are less than 10 kt (5 m/s) the fog will stop at the beach and will not obscure
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the runways. If the sky has been clear or scattered for 2 or 3 hr after sunrise
a southeast or east wind of 10 to 15 kt (5-8 m/s) will not bring fog over the field.
A southerly gradient wind will usually leave the field open but with an east to
southeast wind and a fog bank remaining offshore. Under these conditions fog
will frequently be observed to drift over Long Island, Woody Island, and Near
Island in that order. With westerly gradient winds of 12 kt (6 m/s) or less and
scattered to broken skies, a southeast sea breeze will occur between 1000 and
1400 LST. Seaward fog banks will not move over the field under these conditions
because of the dissipating effects of surface heating. However, the sea-breeze effect
will flatten the diurnal temperature profile and lower the daily maximum
temperature. These consequences must be taken into account when issuing the
forecast.

x. When low pressure areas stagnate southwest of Kodiak and cause surface winds
from the southeast to the northeast, the ceiling will be about 500 ft and visibility
will average 2 to 6 n mi (4-11 km) in light fog. Such conditions prevail from
18 to 24 hr even though the barometer is rising due to the filling of the low.

y. As low centers move past Kodiak to the southeast and into the northern Gulf of
Alaska, surface winds at the station will become northwest, and lower cloud layers
will become broken to scattered. With this same condition but extreme low level
convergence, the sky will remain overcast.

z. When a low approaches Kodiak from the southwest, the wind will generally remain
light and variable until the center is between 200 and 400 n mi (370-740 km)
from Kodiak. The winds then become easterly, increasing to gale force. In most
cases the winds increase at the same time the first precipitation occurs; although
in winter, with Arctic air over the station, the easterlies will commence sometime
later than the onset of precipitation (snow).

5.3.2 Additional Rules and Observations for Kodiak

(a) With a northwest to north gradient, supergradient (williwaw) winds are brought
about by funneling through the mountain passes. With 30 to 40 kt (15-21 m/s)
(or higher, in williwaw conditions) west to northwest winds, gusts in the hangar
area adjacent to Women's Bay will be 10 to 20 kt (5-10 m/s) greater than the
gusts over the runway. In addition, the direction in the hangar area will back to
south or southwest. This local effect is of vital interest to the forecaster because
aircraft parked in the hangar area are vulnerable to wind damage during these
conditions. The character of the wind under these conditions is extremely variable
in terms of both direction and velocity.

(b) Because of the mountainous terrain southwest of Women's Bay, a subgradient local
wind results from a southwesterly gradient wind. Empirical data indicates that
an established southwest gradient of 30 to 40 kt (15-21 m/s) will yield a wind
over the field that is 10 to 20 kt (5-10 m/s) lower.
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(c) Winds from due north or south are seldom observed at Kodiak because of the
topography. When observed, these winds exist for short periods only, usually 0
during a transition from westerly to easterly flow.

(d) Ceilings and visibilities are lower over the station than over the water when the
wind is from the east quadrant. The reverse is true with winds from the southwest
or northwest quadrants.

(e) Kodiak is considered to have a marine climate. The evidence of this is apparent
from the limited daily and annual temperature ranges. For instance, the mean
annual temperature range is about 25 Fahrenheit degrees (14 Celsius degrees).

(f) The mean monthly temperature is less than 32 °F (0 °C) for the 4 months December
through March, although no month has a mean temperature less than 30'F
(-1 C). Only 3 months (July, August, and September) have mean temperatures
of 50'F (10'C) or greater.

(g) During the summer, the mean air temperature closely approximates the mean sea
surface temperature; the air temperature rises slightly above the sea surface
temperature during August, but falls below again in September. In winter, the
mean maximum air temperature more closely resembles the mean sea surface
temperature curve.

(h) Because of the proximity of a large landmass to Kodiak, the overall temperature
range is 95 Fahrenheit degrees (53 Celsius degrees), regardless of the marine
influence. Records show a low of -9°F (-23°C) in January 1917 and a high
of 86°F (30°C) in June 1953.

(i) Even with a northerly air flow, Kodiak's surrounding waters and mountain barriers
to the northwest temper the climate considerably. For example, temperatures at
Naknek (King Salmon), only 155 n mi (287 kin) to the northwest, are frequently
20 Fahrenheit degrees (11 Celsius degrees) lower in winter than those at Kodiak.
Naknek, a near sea level station like Kodiak, has a mean annual temperature only
6 Fahrenheit degrees (3.5 Celsius degrees) below this station. However, Naknek's
absolute minimum temperature is 34 'F (19 °C).

(j) In summer, maximum temperatures will vary 10 to 20 Fahrenheit degrees
(5 -11 Celsius degrees), depending on whether the northwest gradient is strong
enough to maintain a flow of air from over the island, or whether it is weak enough
that the sea breeze predominates. The highest daily maximum temperatures occur
with northwest winds in summer.

(k) Precipitation is normally abundant throughout the year. Maximums do occur in
September and October, and again in May. March and July are the driest months.
All months, however, have a wide variation in the amount of precipitation fall.
The mean annual precipitation is about 55 inches (140 cm) but ranges between
40 and 80 inches (102 and 203 cm). A very high percentage of the annual precipita-
tion falls when northeast to southeast winds prevail.

(1) Small amounts of snow may fall as late as May or as early as September. Substantial
amounts (e.g., a good ground cover) may be anticipated in November and April,
but the bulk of the snowfall arrives in the period December through March. The
mean annual fall for the 19 yr of complete records is 74.8 inches (190 cm). Here
again, a wide yearly variation is seen. In 1956 a total of 178.1 inches (452 cm)
of snow fell at Kodiak, but in 1945 only 15.9 inches (40 cm) was recorded.
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(m) The proximity of mature occlusions accounts for most of the precipitation, but
large-scale areas of upward vertical motion and airmass instability are also contrib-
uting factors. Twenty-four hour amounts usually do not exceed I or 2 inches
(2.5-5 cm) (water equivalent), but may reach 4.5 inches (II cm) on rare occasions.
Precipitation intensity is usually light, but occasionally becomes moderate or
(infrequently) heavy in cases of extreme vertical motion or when a strong front
is close to the station.

(n) Although the prevailing wind direction is northwesterly every month of the year
except May, June, and July, and the average speed is about 10 kt (5 m/s), these
data may be misleading to the newly arrived forecaster because of the extreme
variability in both direction and speed. The maximum gust recorded at the Naval
Station was 92 kt (47 m/s) in 1948. Gusts of over 50 kt (26 m/s) have occurred
during each month of the year but are most likely to occur in the winter months.
A study of maximum monthly gusts shows occurrence from the northwest 45 %
of the time and that the average maximum gust from this direction is 46 kt (24 m/s).
When the maximum monthly gust occurs from the northwest quadrant during
the period from September through March, it is usually greater than 50 kt (26 m/s).
An average of eight storms each year bring winds in excess of 55 kt (28 m/s).
The average duration of gusts in excess of 55 kt (28 m/s) is about 8 hr per storm.

(o) The criteria established for flying conditions are (1) VFR: 1000 ft and 3 mi, or
better; (2) IFR: between 1000 ft and 3 mi, and 200 ft and I mi; and (3) CLOSED:
below 200 ft and I mi. The VFR conditions occur about 91 % of the time.
Climatically, July is the worst month with respect to flying conditions, averaging
only 88% VFR. October is the best month, being VFR 96% of the time. A greater
frequency of closed conditions exists in summer than in any other season. This
is due to the occurrence of advection fog and low stratus in summer. In winter,
low clouds and precipitation are more likely to result in IFR rather than closed
conditions.

(p) In the Kodiak area a high frequency of *'marginal" conditions occur: ceilings
between 1000 and 3000 ft, visibilities between 3 and 5 n mi (6-19 km), strong
winds from unfavorable directions, and restrictions due to the adjacent high terrain.

(q) Extensive aircraft icing occurs in advance of frontal systems, near fronts, in areas
of extensive upward vertical motion, in turbulent buildups over mountainous areas,
and in freezing rain at the surface and lower levels. However, moderate to severe
rime icing has been experienced in areas where none of the conditions listed above
were apparent. Pilot reports have indicated much higher buildups over Kodiak
Island than anywhere over the surrounding water. Both turbulence and icing can
be severe in these clouds.

(r) During periods of strong northwesterly flow, moderate to severe turbulence will
be encountered over Kodiak Island and in the vicinity of the Alaska-Aleutian Range.
Pilot reports indicate areas of strong downdrafts in the lee of the Alaska-Aleutian
Range in such situations, similar to the "sierra" or standing wave. Magnitudes
of as much as 2500 ft per min (762 m) have been reported.
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(s) In summer, the freezing level is generally high enough that aircraft icing presents
little problem. During the period from October through May, however, the average
height of the freezing level is below 6000 ft (1830 in). Consequently, the possibility
of aircraft icing should be mentioned in every flight briefing and forecast issued
during these months, particularly in frontal and prefrontal weather.

(t) Ice forms on Women's Bay during the winter when the air temperature falls to
about 27 'F ( - 3 °C) and the wind is calm. A light breeze is sometimes sufficient
to prevent the formation of ice or to dissipate a thin cover. When ice does form,
it is usually not of sufficient thickness to hamper operations other than small boats.
However, there have been occasions when substantial portions of the bay have
been covered with ice up to 36 inches (91 cm) thick.

(u) It should be noted that williwaw conditions pose a hazard to aircraft in flight as
well as on the ground. Turbulence can be severe for 20 mi (32 km) or more down-
wind of the mountain barriers, and the only visible evidence outside the aircraft
is the agitated state of the sea with surges of spray observed. The severe turbulence
may also extend a few thousand feet (few hundred meters) above the mountain
crests with strong updrafts and downdrafts.
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6. SATELLITE DATA EXAMPLES

This chapter presents satellite case studies on a variety of topics. Examples of the features
described include a winter storm track, a blocking ridge, summer cyclones, polar vortices,
formation of boundary layer fronts, wind pattern in sunglint, and local wind-induced clouds.

6.1 Cyclogenesis

The Aleutian Low is recognized, along with the Icelandic Low and the eastern Pacific
and Bermuda highs, as one of the major Northern Hemisphere large scale atmospheric
circulation features. The Aleutian Low, however, is largely a climatological feature. It is
reflected in climatology because of the frequent migration of cyclones into the area and
the tendency for the mature synoptic scale cyclones to stall and dissipate in the region.
The Aleutian Low climatic feature is thereby the summation of numerous migratory lows
rather than the persistence of an individual cell such as is the case for the eastern Pacific
High. This nonpersistent aspect of the Aleutian Low complicates the task of forecasting
in the region. Because nearly every day of the year, especially during the cold seasons,
one or more cyclones are influencing the weather somewhere over the Bering Sea and Gulf
of Alaska, there is an endless variety of storm tracks, storm sizes, stages of development,
and interactions to consider. The examples contained in this section are provided as illustra-
tions of some of the many cyclonic events unique to this region. Each example provides
snapshots of the circulation pattern as depicted by the surface and 500-mb analyses, cloud
patterns as seen in DMSP imagery, and selected surface and upper air observations.
Forecasting aids and references to various regional forecast thumb rules are also provided
when available.

6.1.1 Winter Storm Track into the Bering Sea

Climatic Background

During January the primary storm track across the North Pacific extends from east
of Japan north-northeastward to the Gulf of Alaska passing south of the Aleutian chain.
At times high pressure develops over the western North Pacific and the storm track shifts
northward into the Bering Sea. Synoptic patterns of this latter type, although generally
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occurring more frequently in spring through summer than in winter, are characteristic of
a regional climate singularity known as the midwinter thaw. Synoptically the midwinter
thaw is characterized by blocking high pressure over the Gulf of Alaska. The southerly
flow around the western side of the blocking high results in warm air advection over the
eastern Bering Sea region and at times northward into the Arctic basin.

Climate Forecast Aids

1. Knowledge of the variability of regional circulation patterns will aid forecasters
in recognizing changing and/or anomalous weather scenarios.

2. Monitoring the existing 500-mb circulation pattern relative to climatological mean
patterns will provide insights to changing storm tracks.

Synoptic Scenario 0000 GMT 11 January Through 1200 GMT 13 January 1989

Preceding 11 January 1989 strong ridging had developed over the eastern North Pacific.
By 1200 GMT 11 January, the 500-mb, 18,300-ft (5580-m) height contour was north of
50 *N over the Gulf of Alaska, with ridging extending northward across Alaska (Fig. 6-1).
Surface high pressure systems with center pressures greater than 1036 mb were located
near 40'N in the western and eastern North Pacific (Fig. 6-2). Surface lows were being
steered into the Bering Sea.

Three synoptic scale lows influenced the Bering Sea weather during the 0000 GMT
11 January through 1200 GMT 13 January 1989 period. The 970-mb low (low 1), located
150 n mi (278 km) north of Unimak Pass (Fig. 6-2), moved northeastward at 25 kt (45 km/hr)
for 24 hr, then slowed and filled while dropping southeastward into the Gulf of Alaska
by 0000 GMT 13 January (Fig. 6-3). Low 2, located 300 n mi (556 kin) west of Kamchatka
(Fig. 6-2), moved slowly over the peninsula to a position in the extreme western Bering Sea
by 0000 GMT 13 January (Fig. 6-3). Low 3, not apparent in Fig. 6-2, formed just east
of Japan on II January, then moved northeastward crossing the Aleutian chain to its position
in Fig. 6-3 on 13 January. Over the following 24 hr, low 2 and low 3 merged. Low 2,
near the Siberian coast of the northwestern Bering Sea at 1200 GMT 13 January (Fig. 6-4),
deepened slightly to 990.2 mb while low 3 evolved into an elongated trough extending
southeastward over the central Bering Sea and about 600 n mi (1112 kim) beyond the Aleutian
chain.

Scenario Specific Climate and Synoptic Forecast Aids

I. When winter 500-mb ridging develops over the eastern North Pacific, surface lows
tend to track north of the principal storm track and enter the Bering Sea.

2. Under this synoptic pattern, northward-moving developing surface lows, while over
the Pacific, will on average move a little slower (25-35 kt or 45-65 km/hr) than
the typical east-northeast moving lows (35-45 kt or 65-85 km/hr). However, they
maintain a higher speed of advance, track to higher latitudes, and occlude at higher
latitudes.
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Figure 6-1. FNOC 500-mb analysis 1200 GMT I11 January' 1989.

3. When high pressure extends westward across the Pacific, as in this case, lows formed
off Japan will move northward, as low 3 did in this example.
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. Satellite Imagery Features

Figure 6-5 (0937 GMT 11 January 1989) shows the cloud pattern associated with the
970-mb low (low 1). Selected 500-mb wind and temperature values, surface freezing line,
and surface low position and pressure are indicated for 1200 GMT II January. Classical
image and flow relationships that are evident include

1. Coldest temperature (lightest gray shades) in the anticyclonic outflow region of
the frontal band indicates the upper level divergence or low level convergence
necessary to maintain the surface low intensity. The 970-mb center pressure reflect-
ing no change from 12 hr earlier (Fig. 6-2), even though the center has moved
over land, is evidence of the effective maintenance of this system.
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2. The bright cloud plume seen near 60 ON, 147 oW indicates orographic lifting (across
tie Kenai Mountains) in strong southerly winds. Under areas of bright cloud plumes
surface winds are strong and gusty with moderate to severe low level turbulence.
Wind speed and related turbulence drop off rapidly to the west of cloud plumes
that are caused by strong southerly flow. Wind speed increases are more uniform
(less turbulence) when approaching the plume area from the east.

3. The clear area (dark band) immediately behind the frontal band reflects strong
subsidence. This subsidence, coupled with the sharp trailing edge of the bright
frontal band clouds, is indicative of a strong frontal system.

4. The southern extension of the low level cold air outbreak behind the front is indicated
by the extension c. cloud streets where the air flows off the ice pack and over the
"relatively warm" Bering Sea water and the region of open-celled cumulus beyond
the cloud street regime. The surface air temperature 32 OF (0 °C) isotherm, labeled
on Fig. 6-5, extends about 300 n mi (556 kin) south of the Aleutian chain. Snow
showers were reported as far south as the vicinity of 46 'N under this outbreak.
The cloud streets extend to and beyond the Aleutian chain and evolve into an open
celled convective pattern downstream from the chain. Weather observations of the
southeastern Bering Sea under the cloud streets indicate conditions of 25- to 35-kt
(13-18 m/s) northwesterly wind, air temperatures of 5 OF or - 15 °C (near ice edge)
to 25 OF or -4 °C north of the chain, near 0 to 3 n mi (6 km) visibility in snow
showers, and broken to overcast skies with ceiling heights of a few hundred feet
in showers.

5. The lack of cloud streets over the Bristol Bay area (57°N, 160°W) in Fig. 6-5
indicates the presence of warm air wrapping around the low center during the
occlusion process.

6. Two particular areas of enhanced cloud development of interest are outlined in
Fig. 6-5. Enhanced clouds, those of greater vertical development and therefore
colder tops, are indicated in infrared imagery by lighter gray shades. Area 1 is
centered near 48 'N, 158 °W just behind the frontal cloud band. Area 2 is located
over the central Bering Sea. The movement and interaction of these areas will be
tracked throughout this case.

Figure 6-6 (1946 GMT 11 January) reflects the cloud conditions 10 hr after Fig. 6-5.
The occluded position of the frontal band is beginning to align east-west, which indicates
the center was stalling while the cold front moved more rapidly northeastward. Some anti-
cyclonic outflow is still evident, and little change in the center pressure occurs until
1200 GMT 12 January (982 mb), some 16 hr after this view. Image and flow relationships
evident in Fig. 6-6 include

1. The occluding process was progressing (compare cloud patterns to those in
Fig. 6-5). The slowing of the forward motion of the center was occurring and is
reflected by the occluded front cloud band becoming east-west aligned.

2. The cloud pattern was becoming complex as the higher level cirrus and cold front
cloud band moved out ahead of the clouds wrapped around the stalling pressure
center.

6-8



III?

;N

1 .Vortie sfý"

Oro

Figure 6-6. DMSP infrared imagery for 1946 GMT 11 January 1989
and surface data for 1800 GMT.

3. Small scale vortices formed west and south of the center in the baroclinic zone
between the cold air in the northerly flow on the back side of the low and the
warm air wrapping around the low.

4. Enhanced cumulus area I immediately behind the frontal subsidence zone moved
northeastward toward the low center; area 2 of enhanced cumulus intensified over

* and south of the chain.
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5. Cloud streets continue to dominate the eastern half of the Bering Sea.
6. Stratiform clouds over the Bering Sea, seen on the left edge of the image, reflect

the induced ridge line between the mature low over Alaska and lows approaching
from the west and south. Weather conditions over the eastern Bering Sea are
dominated by cloud streets with below freezing temperature, strong northwesterly
winds, and periods of low ceiling and visibility in snow showers. Hazardous shipping
conditions caused by high winds and seas are occurring throughout this region
and well to the south of the Aleutian chain.

Figure 6-7 (0511 GMT 12 January 1989) shows the cloud patterns over the eastern
Bering Sea, Alaska, and the Gulf of Alaska about 10 hr after Fig. 6-6 imagery. The surface
low has moved to the interior of Alaska (near 63 'N, 150 'W) while maintaining its central
pressure (972-mb closed contour at 0600 GMT). The track and intensity of this low is
somewhat anomalous and results from the strong ridging over the eastern Gulf of Alaska
(Fig. 6-1). The normal winter storm track is into the Gulf of Alaska from south of the
Aleutians with lows filling rapidly as they move over the mountains of south central Alaska.
Image and flow relationships evident in Fig. 6-7 include

1. The east-to-west alignment of the occluded portion of the frontal cloud band is
extending in length with time (compare to Fig. 6-6).

2. Enhanced cumulus area 1 has moved northward around the center and interacted
with the coastal mountain range of south central Alaska, resulting in an east-to-west
band of convective clouds extending from the Kenai Peninsula (60 "N, 150 'W)
to Yakatat Bay (59-N, 140-W).

3. Enhanced cumulus area 2 interacted with the front resulting in frontal wave develop-
ment. The wave development is indicated by the area of anticyclonic curvature in
the frontal band seen near 53 °N, 138 'W.

4. The transformation from cloud streets to stratiform clouds over the eastern Bering
Sea (left center of Fig. 6-7) reflects a weakening of the cold air outbreak over that
region. The 0600 GMT surface analysis (not shown) indicates that the ridge between
the mature low over Alaska and lows approaching from the west and south has
moved eastward to near 175 °W (extreme left edge of Fig. 6-7).

By 0458 GMT 13 January 1989 (Fig. 6-8) the only remaining significant cloud feature
associated with the now rapidly dissipating mature low is the large area of enhanced cumulus
(area 2) along the coast of southeast Alaska. This area of enhanced cumulus reflects the
evolution of the frontal wave development previously seen in Fig. 6-7 and its further inter-
action with the mountains of southeastern Alaska and British Columbia. The old low and
clouds have largely dissipated over the interior of eastern Alaska and northwestern Canada.
The clear area over the Alaska Peninsula region reflects the ridge line between the dissipating
low to the east and the trough line over the central Bering Sea (Fig. 6-3). By 1800 GMT
13 January at St. Paul Island (station 70308) the air temperature reached 36°F (2 'C),
warming up some 25 Fahrenheit degrees (14 Celsius degrees) from the 10°F (-12 0C)
at 1800 GMT 11 January.
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Figure 6-8. DMSP infrared imagery' 0458 GMT 13 January 1989.
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. Satellite Imagery Forecast Aids

1. Cold anticyclonically curved clouds indicate upper level divergence and intensifica-
tion or maintenance of surface low pressure systems.

2. Clearly defined frontal and vortex cloud features indicate that system intensity or
development is being maintained.

3. During the occlusion process warm air wrapping around the vortex results in forma-
tion of baroclinic zones to the west and south of the vortex. Internal small scale
vortices frequently develop in these haroclinic zones (see Fig. 6-6 near 58 'N,
162 -W).

4. When the forward motion of the low center begins to slow, the occluded portion
of the front takes on an east-west alignment.

5. Cloud streets form during winter when the sea surface temperature is at least 39 to
41 Fahrenheit degrees (21-22 Celsius degrees) warmer than the air. The streets
are aligned with the low level wind and may extend a couple hundred nautical
miles (300-400 kin) downstream with only a gradual increase in cloud height and
cloud linewidth. The clouds are identified as stratocumulus from below and are
topped by an inversion. Weather under cloud lines includes extensive areas of steam
fog, particularly within 100 n mi (185 km) or so of the ice edge, and scattered
snow showers with ceiling and visibility restrictions from near zero-zero to a few
hundred feet (meters) and a nautical mile or two (1-2 kin).

6. Cloud street patterns typically transform to an open celled cumulus pattern a couple
hundred nautical miles (300-400 km) downstream where the shower activity
becomes more intense, but the time between showers increases to 30 to 60 min
for a stationary point.

7. During winter, under cloud street patterns, surface air temperatures over the Bering
Sea will range from 5 'F (- 15 °C) or lower near the ice edge to 32 °F (0 C) as
much as 400 n mi (741 kin) south of the Aleutian chain. The extension of open
celled cumulus downstream from the cloud streets is a good indicator of the extent
of cold air. Ship superstructure icing and extreme wind chill temperatures occur
under winter cloud street patterns.

8. Winds will be intensified through island and mountain passes thereby increasing
wave heights, spray, superstructure icing, and wind-chill hazards. When cloud streets
extend over the Aleutian chain, extreme conditions will be experienced when air
temperatures are at or below freezing.

9. The western boundary of a cold air outbreak is indicated by a change from cloud
street patterns to stratiform clouds. The induced ridge line between successive lows
may be indicated by a cloud-free area, which will be maintained and move eastward
as long as the relative spacing of the lows is maintained. If the lead low stalls,
the southerly flow ahead of the following low will cover the clear area with prefrontal
stratiform clouds.
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6.1.2 Cyclogenesis Under Zonal Flow

On 16 and 17 January 1989 zonal flow prevailed over the Bering Sea region. Migratory
cyclones approaching from the midlatitudes were steered to the east into the Gulf of Alaska.
During periods of zonal flow the cloud patterns over the northern portion of migratory
lows, generally the occluded front portion, tend to be sheared off from the lower latitude
portions of the front. The lower portions are advected rapidly eastward, and the higher
latitude portion of the frontal cloud band becomes aligned east-west and gradually dissipates.
As the major cyclogenetic features move rapidly off to the east, small scale cyclogenetic
features will form and propagate along the dissipating portion of the "'hang-back" front.
Figures 6-9 through 6-11 are DMSP images that show a hang-back front and embedded
small scale cyclogenetic features under a zonal flow regime. Figure 6-9 shows a frontal
band extending southeastward out of the central Bering Sea with frontal shearing indicated
by a cross-over cirrus shield near 48 'N, 170 'W. Figure 6-10, from the next orbit, provides
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Figure 6-9. DMSP infrared imagery 0512 GMT 16 January 1989.
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Figure 6-10. DMSP infrared imagery 0654 GMT 16 January 1989.

overlapping coverage and an extended view to the west. Two obvious vortices are seen
in the nearly east-west aligned hang-back portion of the frontal band. Figure 6-11, from
about 24 hr later, indicates that the lower latitude portion of the frontal system, that part
south of the shear area, has moved off to the east. The western part of the hang-back portion
of the front has actually moved westward and is influencing the weather over the extreme
western Bering Sea and Kamchatka Peninsula. In general, the hang-back portion of the
front tends to become nearly stationary and dissipates in place. However, it will continue
to cause unsettled weather conditions, which, along with an irregular motion, will create
some unique hang-back front forecast problems.

Forecast reasoning, if based on the characteristics of midlatitude behavior of frontal
systems, (i.e., generally northeastward movement at 25 to 35 kt, or 45-65 km/hr producing
6 to 12 hr of weather at a given location followed by rapidly improving conditions after. frontal passage), must be modified greatly when dealing with hang-back front situations.
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Prolonged variable conditions with gradual improvement over a day or two is the rule.
The fact that individual cells or cloud features are likely to approach from an easterly
quadrant further complicates the forecast problem. It should be noted that the low level
flow will generally be easterly in the poleward portions of hang-back fronts and westerly
on the midlatitude side.

Figure 6-11. DMSP infrared imagery 0641 GMT 17 January 1989.
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The 500 mb (Fig. 6-12) and surface (Fig. 6-13) analyses for 1200 GMT 16 January 1989
show the synoptic scale flow during this hang-back front event. South of 50 'N strong zonal
flow prevails at the 500-mb level with light winds of variable direction over the Bering Sea.
The surface analysis reflects one large west-northwest to east-southeast elongated low, which
is nearly vertically stacked under a similarly shaped 500-mb trough. Note that although
at least two distinct vortices are evident in the satellite imagery (Figs. 6-9, 6-10, and 6-11)
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Figure 6-12. FNOC 500-mb analysis 1200 GMT 16 January 1989.
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they are not resolved in the surface analysis at 1200 GMT, and not until 0600 GMT
17 January 1989 in following analyses (not shown) is there any indication of multiple vortices
along the frontal band. The coarse numerical model resolution, coupled with the probable
lack of conventional observation data, is the likely reason for limitations in numerical analysis
depiction of these subsynoptic vortices. The numerical analyses do, however, reflect the
favorable synoptic scale pattern, and this information, coupled with satellite imagery, will
provide the necessary information for accurate short-term (0-24 hr) forecasts.

IV 08

Figure 6-13. ENOC surface analysis 1200 GMT 16 January 1989.
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. Forecast Aids

1. During periods of strong zonal flow at 500 mb, hang back frontal zones are likely
to develop poleward of the zonal flow pattern.

2. The area poleward of the strong 500-mb zonal flow will exhibit light and variable
winds aloft.

3. The frontal zone will become elongated nearly east-west and subsynoptic vortices
may slowly retrograde westward along with the entire frontal cloud band.

4. This so-called hang back frontal zone will not exhibit the typical behavior of
migratory midlatitude frontal systems. It will likely remain nearly stationary for
a couple of days with embedded vortices that may also be stationary or move slowly
either eastward or westward along the frontal zone.

6.1.3 Triple Point Cyclogenesis South of the Chain

Triple point cyclogenesis refers to cyclogenesis near the apex of the warm, cold, and
occluded fronts. This is a fairly frequent event in the area south of the eastern Aleutian
chain and Alaska Peninsula. Triple point cyclogenesis occurs following the occlusion process
and after the parent low becomes vertically stacked and begins to stall. As the parent low
stalls, the frontal systems continue to move eastward around its southern periphery. The
parent low tends to take on an elongated east-west configuration, and a secondary
cyclogenesis occurs in the extreme eastern portion of the elongated pattern. Following the
secondary development the new low becomes the primary center as the original low slowly
fills. The Adak Forecaster's Handbook reports that during the spring season this sequence
may be repeated where a third low forms in the vicinity of the secondary low's triple point.

Lows that approach the Bering Sea region from the ocean sector rather than from off
the Siberian landmass typically exhibit warm type occlusions. These lows reflect the cold
airmass over the Bering Sea in advance of the warm front, in comparison to the cool airmass
behind the cold front that has been modified over the western North Pacific. With warm
type occlusions extensive overrunning by warm air occurs, resulting in an extensive cloud
shield that typically provides about 24 hr advance indication of an approaching storm.
However, the precipitation shield only extends 300 to 400 n mi (556-741 kin) northward
from the warm front in advance of the low. The duration of precipitation will vary with
the movement of the parent low and secondary low.

This example shows a warm type occluded frontal system associated with an intense
winter low that moves east-northeastward from the western Pacific to near 45 'N, 180 *,
where it stalls. Secondary cyclogenesis occurs about 600 n mi (1112 km) to the east of
the stalling area. Both the primary and secondary lows generally remain 300 to 400 n mi
(556-741 km) south of the Aleutian chain and Alaska Peninsula.
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25-26 January 1989

Figure 6-14 (1654 GMT 25 January) shows the cloud pattern associated with a triple
point cyclogenesis event in January 1989. Four particular aspects of the cloud patterns seen
in Fig. 6-14 are noted: (1) a mature low centered near 45 ON, 170°E with its associated
occluded front extending around it to the north; (2) a bright anticyclonically curved cloud
shield across the frontal cloud band seen near 42 °N, 176 'W; (3) an extensive cloud street
pattern over much of the Bering Sea; and (4) nearly cloud-free conditions over Siberia,
the Bering Sea pack ice, and western Alaska. Each of these four aspects can provide insight
into the atmospheric conditions that if integrated into decision making should lead to better
forecasts for the Bering Sea region over the next day or so.
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Figure 6-14. DMSP infrared imagery 1654 GMT
25 January 1989.
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The nearly cloud-free land and pack ice area, coupled with the implied strong northerly
flow off the ice (indicated by the cloud street area), implies that high pressure dominates
the region. Figure 6-15, the surface analysis at 1800 GMT 25 January 1989, shows a strong
high pressure system centered over Siberia. These factors, combined with the east-west
alignment of the occluded front and the apparent shearing of the frontal band near 41 'N,
imply that the main westerly steering current is some distance south of the Aleutian chain.
All these factors point toward the likelihood that any new cyclogenesis and primary frontal
activity will remain south of the chain with the original low stalling and filling in the vicinity
of the chain. When lows move eastward south of the Aleutian chain and into the Gulf of
Alaska, they tend to steepen the pressure gradient over the northern Bering Sea area and
enhance low level cold air outbreaks. Such outbreaks result in cloud street development
such as that seen in Fig. 6-14.
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Figure 6-15. FNOC surface analysis 1800 GMT 25 January 1989.
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Figure 6-16 (1900 GMT 26 January 1989) shows the cloud conditions about 26 hr
after Fig. 6-14. Several characteristics of the frontal cloud pattern seen south of the Aleutian
chain imply active cyclogenesis. A large bright portion of the frontal cloud bands capped
by anticyclonically curved cirrus outflow, a sharp clearly defined trailing edge of the frontal
band, and a relatively clear area behind the front are indicators of frontal wave development
on a strong front. The cloud street pattern over the northeastern Bering Sea remains well
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